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Media for 


MYCOLOGY 


DIAGNOSTIC 


. . . for the isolation, identification and cultivation of patho- 
genic fungi. These media are also widely used in phytopatho- 
logical studies. Several are neutral in reaction, giving optimum 
conditions for growth of a variety of fungi. The following 
may be prepared as selective media by the adjustment of 
reaction, addition of antibiotics or other agents: 
Bacto-Brain Heart Infusion Agar Bacto-Mycological Agar 
Bacto-Sabouraud Dextrose Agar Bacto-Mycological Broth 
Bacto-Sabouraud Maltose Agar Bacto-Corn Meal Agar 
Bacto-Littman Oxgall Agar Bacto-Corn Meal Agar with Dextrose 
Bacto-Bean Pod Agar Bacto-PruneAgar  Bacto-Lima Bean Agar 


CONTROL 

. . . for sanitary and sterility procedures as wel! as for general 
use in mycological procedures: 

Bacto-Sabouraud Maltose Broth Bacto-Neurospora Culture Agar 
Bacto-Sabouraud Liquid Medium Bacto-Potato Dextrose Agar 
Bacto-Malt Extract Bacto-Mildew Test Medium 


Bacto-Malt Agar Bacto-W.L. Nutrient Medium 
Bacto-W.L. Differential Medium 


CLASSIFICATION 
. and nutritional studies of fungi: 


Bacto-Yeast Morphology Agar Bacto-Czapek Dox Broth 
Bacto-Yeast Carbon Base Bacto-Czapek Solution Agar 
Bacto-Yeast Nitrogen Base Bacto-Vitamin Free Yeast Base 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 
is available on request. 


IFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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AN AMES CLINIQUICK 


CLINICAL BRIEFS FOR MODERN PRACTICE 


what is detected when 
testing for urine “‘acetone’’? 


With standard nitroprusside tests, acetoacetic 
acid is responsible for 90% of the positive 
color reaction, though often erroneously 
reported as acetone. Acetone is volatile and 
easily lost from the specimen. Acetoacetic 
acid is nonvolatile—it can be found with 
acetone absent. 

Source—Free, H. M.; Cook, M. H., and Smeby, R. R.: 
Comparative Study of Qualitative Tests for Urine 
Ketones. Presented at 132nd National Meet., Am. 


Chem. Soc., New York, N. Y., Sept. 8-13, 1957. 
(Abstracts, p. 78 c). 


NEW dip-and-read test for ketonuria 


KETO STIX Reagent Strips 


TRADEMARK 


specific - standardized 
sensitive 


greater relative sensitivity to acetoacetic acid 
the more color-reactive ketone 


Also available 
AcETEST® Reagent Tablets — detect ketone bodies 
with one drop of urine 


AMES COMPANY, INC + ELKHART, INDIANA 
fu Ames Company of Canada, Ltd., Toronto 
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new, lifesaving 


solution 
severe infections 


A WIDE RANGE OF 
CLINICAL USEFULNESS... 


in systemic infections such as septicemia (bactere- 
mia), peritonitis, and other bacterial infections as of 
postoperative wounds and abscesses. In severe geni- 
tourinary tract infections when the patient is unable 
to take FURADANTIN per os. 


-»» AND A WIDE RANGE OF 
BACTERICIDAL EFFECTIVENESS... 


wide-spectrum activity against most common patho- 
gens e clinically effective against many antibiotic- 
or sulfonamide-resistant genera such as Aerobacter, 
Staphylococcus, Proteus, and certain strains of 
Pseudomonas. 


WITH CERTAIN UNIQUE ADVANTAGES 


e negligible development of bacterial resistance 
e no reports of renal, hematopoietic or hepatic toxi- 
city eno monilial superinfection » safe for continu- 
ous use without danger of thrombophlebitis 

Full dosage instructions and discussion of indications 
and side effects are enclosed in each package. 
FURADANTIN Intravenous Solution is available to all 
hospital pharmacies. 


NITROFURANS—a new class of antimicrobials — ol 
neither antibiotics nor sulfonamides . 
EATON LABORATORIES, NORWICH, NEW YORK 
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COMPACT PRECISE 
* SELF CONTAINED 


Biochemical deterniinations, chemical analyses 
and physical tests are simple as A-B-C with the 
Fisher Electrophotometer. Accurate colorimetric 
analysis is quick and easy wherever solution color 
varies in a definite manner with the concentration This 8-page booklet 
of a constituent. Use it anywhere; line voltage contains full dato 
fluctuations won't interfere. on the principles 
of 
An accessory kit is now available pond —_— 
for colorimetric titrations. 120 Fisher Building 
Pittsburg 19, Pa. 


FISHER SCIENTIFIC 


America’s Largest Manutacturer- Distributor of Laboratory Appliances & Reagent Chemicals 
IN THE U.S.A, Chicago Philadelphia IN CANADA 
Boston Cleveland Pittsburgh Edmonton 
Buffalo Detroit St. Louis Montreal 
Charleston, W.Va, New York Washington Toronto 
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Reduce 


Blood clotting: 


in needles, intravenous and trans- 


; fusion apparatus, oxygenators, etc. 


with a surface coating of 
this NEW water-soluble 


Silicone Concentrate 


SILICLAD. 


@ applied in solution of 1:100 parts of ordinary tap 
water @ imparts to glass (plastic, metal) a smooth, 
4 ounces of this concentrate 
makes 25 pints of solution: 
Enough to SILICONIZE 
7800 6-inch test tubes! 
4 oz. bottle $3.50 


hard surface that drains rapidly and completely @ 
facilitates cleaning of blood handling and storage 
equipment @ prevents clotting of needles during 
blood transfusion @ non-toxic to all body tissues 


— 


AVAILABLE FROM YOUR SURGICAL OR SCIENTIFIC DEALER. 


TER SOLUBLE 
LICON 
ONCENTRATE | 
4" 07s. 
q | 5 pints of 1% 
ADAMS 
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DABILITY 


The all new NRD TRANSISTORIZED scalers and counting circuits offer 
research accuracy with lifetime dependability. ““Transistorizing” assures 
trouble-free operation because they replace troublesome vacuum tubes. 
They also eliminate heating problems... permit more compact design . . . 
greater portability ... with lower power requirements. 


What are your needs? Write today for new catalog on NRD transistorized 
instruments. 


INSTRUMENT COMPANY 


D 9842 MANCHESTER RD. « ST. LOUIS 19, MO. 
a DIVISION of 
nuclear corporation of america, inc. 
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ELECTRIC MICROTOME KNIFE SHARPENER 


FOR A KEENER EDGE 


Less effort, too, in getting the keen, uniform edge 
you want. This new improved sharpener has heavy 
duty ““T”’ guide holder that supports knife over the 
full length up to 13 inches, greatly simplifying opera- 
tion. Holder is adjustable for differences of bevel 
required by various knives. 

Special alloy honing wheel is powered by unusually 
quiet split phase 4 h. p. motor. Entire mechanism 
is enclosed in attractive gray finish rubber-footed 
metal housing with aluminum platform. Overall di- 
mensions: 1344”x11"x9”. Operates on 115 volts A. C. 


For additional information, request Bulletin 20-105. 


eloe sciemtific 5655 kincsouny. 
ST. LOUIS 12. MO. 


DIVISION OF A. S. ALOE COMPANY 


Los Angeles, San Francisco, Seattle, Denver, Minneapolis, Pittsburgh, Kansas 
City, Dallas, New Orleans, Chamblee, Washington, Miami. 


June, 1958 


IN LESS TIME 


BEFORE SHARPENING note 
ragged knife edge. 


FIRST HONING removes nicks 
and rough spots after only a 
few strokes on honing wheel. 


COMPLETE HONING gives fine 
edge but a fine wire or burr 
mars its keenness. 


AFTER STROPPING cutting 
edge is smooth and even; uni- 
formly sharp. 


IMPROVED STROP ASSEMBLY 
Standard equipment with the sharpener 


Strop removes small wire or burr left 
by sharpening. Puts final fine edge on 
knife. Assembly consists of high quality 
horsehide strop and linen finishing 
strop mounted on heavy metal frame 
equipped with thumb screws for ad- 
justing tension. 

60040— Aloe Electric Microtome Knife Sharp- 
ener, improved model as described, with 
adjustable strop assembly, 3 sticks assorted 
abrasive paste, one con of abrasive powder, 


one can of special solvent, cord and plug. 
Each $295.00 
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No Slide Rule Needed Here: 


Dirty Glassware + Ordinary Cleaners—? 
You Just Can't Balance This Equation 


Balance Your Cleaning Equation 
with 
Paragon Laboratory Cleaner 


The detergent cleaner developed especially for the modern laboratory. Con- 
tains no soap, leaves no dulling scum. Abundant suds in cold water. Rinse 
water flows off without water spotting. No wiping or towelling necessary. 


PARAGON LABORATORY CLEANER is easy to use; simply soak articles 
in hot or cold water containing 1 ounce of Paragon Laboratory Cleaner to 
the gallon. Dirt, grease, grime, stains and incrustations float away. 


PARAGON LABORATORY CLEANER cleans glassware, porcelain, enamel 
ware, soapstone surfaces, ironware, tile and painted walls, floors, slop sinks, 
toilet bowls, shelves. No boiling of slides to get them clean. No more cor- 
roded, etehed or scratched slides. Simply allow the used slides to soak in 
Paragon Laboratory Cleaner solution for a short time. Smears, stains and 
cedar oil float away. Exeellent for freeing jammed syringes, stuck stop 
cocks and ground glass stoppers. 


PARAGON LABORATORY CLEANER is packed only in 3 Ib. boxes. 


PC300 Box (3 Ibs.) $1.00 
Carton (24 x 3 lb. boxes) 20.40 (85¢ per box) 


Prices F. O. B. New York, New York, subject to change without notice 


PARAGON C. & C. CO, INC. 
2540 Belmont Avenue 
New York 58, New York 


Manufactured exclusiveiy by 


PARAGON C. & C. CO. INC. 
2540 Belmont Avenue 
New York 58, New York 


Cable Address: Wijeno, New York. 


Please send free trial sample PC300 
Name 


Address 
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we could put five years 


right here 
in this 
wasted 


corner! 


How many microslides do you average a day? Fifty, maybe? 


A Lab-aid stack only 19” square and about five feet high 
would keep five years’ output right at your fingertips. 


That's because Lab-aid design gives you 45% more capacity, 
inch for inch, than conventional filing units. Think of it . . . 

a single unit section only five inches high, compact enough 

to fit handily on a desk top, will hold 6500 slides! 


And that's not all . . . by interchanging different drawer sizes 
1”, 2”, and 4”, you can file Kodachromes, lantern slides, and 
index cards in the same cabinet. Other special-purpose 
cabinets (same basic dimensions so they all stack together) 

let you file fresh slides flat in spread-out trays, or file 

paraffin blocks in shallow drawers. 


The beauty of it all is that you get all these advantages 
at no greater filing cost-per-slide than ordinary cabinets. 


Bulletin No. 141-56 tells the story. Let us send it to you. 
THE TECHNICON COMPANY, CHAUNCEY, N. Y. 


laboratory filing system 
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of Radioactive Isotopes 


Contents 


‘Kod How to blish your radi ive i pe program .... 1 " 
Evaluation of thyroid 4 using radioiodi 
Studies of kidney f ion with radi ivediodrast ....+ 
Estimation of cardiac output with radioiodinated 
Evaluation of liver function with radi ive rose bengal . . 8 
Pe. 
ve Blood and plasma volume measurements using es 


Measurement of red cell mass with radiochromium 


Diagnosis of pernicious ia with radi balt Vitamin Biz . 14 


Fat digestion and absorption with radioiodine 


Scanning body areas for radioisotope concentrations . . . -. 18 


Published and copyrighted 1958 by Nuclear-Chicago Corporation 
223 West Erie Street, Chicago 10, Ilinois 


send for this information on use of radioisotopes 


We will be happy to send you this new 

brochure outlining typical procedures and NUCLEAR-CHICAGO CORPORATION 
instrumentation required for the most 249 W. Erie St., Chicago 10, Illinois 

important clinical radioisotope studies. Just 


mail the coupon. No obligation, of course. Please mail me a copy of “Diagnostic Applications of 


Radioactive Isotopes.” 


y 


a (Name) 


nuclear - chicago 


249 WEST ERIE STREET + CHICAGO 10, ILLINOIS 


(Address) 


age 
Pe 
auclear - chicago 
: 
t 
¢ 
i 
H 
1 (City) (Zone) (State) 1 


SPECIFICITY 
AVIDITY 
HIGH POTENCY 


EVERY 
[SERUM (HUMAN) —S in 


SLIDE TEST 


BOTTLE 


CATALOG NO. 53336 


of Human Blood Serum 


Your SP representative will give 
you complete information on Dade Get the last drop 
Serums—the complete line. And he ‘fom the exclusive 
Serum Saver"’ vial. 
will explain how SP yearly contracts Serum is transferred to 
bring automatic deliveries and big sav- _—v/a/ depression from 


. which it is easily 
ings to your laboratoy. withdrawn. 


*Produced by Dade Reagents, Inc., under U.S. License No.179 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION _ 


GENERAL OFFICES—1210 LEON PLACE, EVANSTON, ILLINOIS 
Division Offices: Atlanta + Chicago - Columbus Dallas (Kansas City Los Angeles - Minneapolis 
New York + San Francisco + Washington 


"Syoure sure “4 
7 
7 4 
7 
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DIFFERENTIAL SLIDEFLOCCULATION ANTIGENS 


Antilipids responsible for many of the “biologic false 
positive’ serologic reactions observed in standard tests 
for syphilis may be differentiated* from syphilitic 
antilipid on the basis that they react maximally 

with antigen of relatively low lecithin content. 


Sylvana now offers Differential Slideflocculation 
Antigens (DSA) with formulas based on 

the published findings* which, when used in conjunction 
with the VDRL quantitative slideflocculation technic, 
detect a high percentage of “biologic false 

positive” serologic reactors. 


Ask your dealer for new SYLVANA 
DSA. Or write us for reprints and 


brochure describing simple procedure. 


aa 


*Kent, J. F. et al. ‘‘Differentiation of the Antilipids Occurring in Non 
treponemal Diseases and Syphilis.’’ Jour. Chronic Diseases, Vol. 7, 36-42, 1958. 


SYLVANA CHEMICAL COMPANY Orange, New Jersey 
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NEW EASE 


TRADEMARA 


HEMOGLOBIN STANDARD 
Cyanmethemoglobin 
Assay pT. mg. Hb. 

per 100 mi. 


Ortho Pharmaceutical Corporation 


AND ACCURACY 
HEMOGLOBIN 
DETERMINATIONS 


Assures greater precision in the daily 


standardization of your photometer 
_ and the periodic construction of your 
calibration curve. Each hermetically- 
sealed ampu! contains an analytically 
_ measured, exact amount of cyan- 
~ methemoglobin of assured purity and 


stability. 


Facilitates the rapid preparation of 
diluent for accurate hemoglobin deter- 
minations by the cyanmethemoglobin 
method. Simply dissolve a stable, 
standardized, sealed-in-foil pellet in 
250 cc. of distilled water. 


RARITAN, NEW JERSEY 
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NEW CATALOG OF 
SANBORN RECORDING, 


MONITORING & RELATED 
EQUIPMENT | 


»-».to help you select 


the right recording equipment 


for biophysical research... 


The new catalog provides complete data on: 2-, 
4-, 6- and 8-channel “150M” Recording Systems 
and the five primary plug-in Preamplifiers used 
with them; four different single-channel recording 
systems, as well as the 2-channel Twin-Viso (direct 
writing) and Twin-Beam (photographic) systems; 
the Viso-Scope oscilloscope, its companion “OR” 
model for operating room use, and the related 
Vector Amplifier and Electronic Switch; the Ampli- 
fying Stethoscope, Heart Sound Tape Recorder/ 
Player, and two series of physiological Pressure 
Transducers. Prices of all instruments are also in- 
cluded, as well as a useful equipment selection 
questionnaire form. 


Recording System, 
Oscilloscope ond Tope Recorder/ Ployer... 
three of 17 instruments in Catalog 
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For the medical researcher or teacher concerned 
with measurement, recording and study of physio- 
logical phenomena such as pressures, temperatures, 
ECG’s, sphygmograms, pneumograms, etc., valu- 
able data is available in a new catalog describing 
the major Sanborn biophysical research instru- 
ments. Information about recording systems, 
monitoring oscilloscopes and transducers is pre- 
sented from the standpoint of the user’s requirements, 
rather than simply as product descriptions. By 
frequent use of typical examples — involving the 
number and nature of phenomena to be studied, 
the transducers or other associated equipment to 
be used, future needs vs. present requirements, etc. 
—the Sanborn catalog can greatly simplify equip- 
ment selection and insure maximum usefulness 
per dollar invested. 


For your copy of this new Sanborn Catalog, 
address Inquiry Director, Medical Division. 


SANBORN COMPANY 


175 Wymon Street, Waltham 54, Mossachusetts 
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Now ... only 3 hours instead of 24 hours 


for accurate diagnosis of active liver damage 


Cephalin-Cholesterol Flocculation Test 


NTIL ‘recently, there has been no single test of hepatic function which has 

been completely satisfactory. The new Leitha D. Bunch technic,’ employ- 
ing Wilson’s Cephalin-Cholesterol mixture, for the first time makes possible a 
unique 3-hour test for active liver damage. The test is simple, accurate and 
economical. With the former Cephalin-Cholesterol Flocculation test, results 
were not available for 24 to 48 hours. 


In the past many cases of liver damage have remained unrecognized until 
autopsy due to the lack of a simple, accurate laboratory test. In approximately 
480 autopsies performed during the last 5 years, in which liver damage was 
not diagnosed clinically, 51 cases were found to have significant hepatic pa- 
thology.” 


Now, the new, rapid Leitha D. Bunch test with Wilson’s Cephalin-Cholesterol 
mixture’ makes it convenient and practical to perform a routine liver test on 
all patients admitted to hospitals, especially those in the older age groups. 


Supplied: In vials, each containing 100 mg. partially oxidized Cephalin and 
300 mg. Cholesterol. 


A stock solution, sufficient for 240 tests, is prepared by adding 8 cc. of ether 
to the vial. This stock solution is stable for many months if kept in the re- 
frigerator. 


Available at leading Laboratory Supply Houses or direct 


(1) Bunch, L. D.: Am. J. Clin. Path. 28: 111, 1957. 
(2) Wheelock, M. C.: Am. J. Dig. Dis. 3: 178, 1958. 


SEND FOR DETAILED LITERATURE 


The Wilson Laboratories 


Division of Wilson & Co., Inc., Dept. B, 4221 So. Western Ave. 
Chicago, Illinois, U. S. A. 
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PORTABLE AUTOCLAVES 


TWO MODELS ¢ FOUR SIZES 


Automatic Steroclave 
Electric Heat 


A complete, self-contained sterilizer for hos- 
pitals, laboratories, doctors and first aid sta- 
tions, providing ethcient sterilization facilities 
at low cost. Instruments, gauze or bandages 
are sterilized in 20 to 30 minutes. 


Steroclaves are made of high quality cast 
aluminum alloy with cast aluminum racks and 
have a stamped, seamless aluminum inset 
crate. The cover is fitted with a dial gauge, 
valve control, handle and flexible metal ex- 
haust tube. Metal-to-metal seal eliminates 
need of gaskets. Temperature is controlled by 
a thermostat and heat supplied by a 1000 watt 
immersion heater. Sterilizing capacity: 831 
cubic inches. 


Pressure Sterilizers 
Gas Heat 


For low cost sterilization this portable steam pressure 
sterilizer cannot be surpassed. 


Made to the same high standards as the “Steroclaye.” 
Dressings are made sterile in about 30 minutes and are 
ready for immediate use. Has an accurate pressure, 
safety plug, metal air release tube for quick exhaustion 
of air, cool bakelite handle and wing nuts. Thoroughly 
tested for safe, fool-proof operation with a minimum 
amount of attention. 


Can be heated by gas plate, electric stove, or alcohol 
burner. 


Cat. No. M-92429 


Sterilizer—I5'% quart capacity 
Ea. $31.50 
Cat. No. M-92429A Sterilizer—25 quart capacity 
Ea. $34.95 
Cat. No. M-92429B Sterilizer—41'2 quart capacity 
Ea. $69.95 


TANDARD SCIENTIFIC 


APPARATUS 
S 808 BROADWAY 
NEWYORK3,N.Y 
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A NEW CONCEPT IN MICROSCOPE PERFORMANCE 


$47/92-15 


LABOLUX for photomi- 
erography with LEICA. 


The Leitz LABOLUX medical and laboratory microscope is a scientifically engi- 
neered instrument of modern design, built for a lifetime of use. The LABOLUX 
is a new concept in fatigue-free operation and precision performance. It com- 
bines the coarse and fine focusing adjustments in a single control; with all 
controls, including the actuating knob for the mechanical stage, in a low con- 
venient position. High power lenses have spring-loaded mounts preventing 
damage to lenses or slides. 


The LABOLUX can be faced away from the observer, for increased accessibility 
to all controls and to the object stage. Interchangeable body tubes permit 
binocular or monocular observation as well as photomicrography, with simul- 
taneous observation and photography made possible through a unique trinoc- 
ular attachment. A wide variety of accessories makes the Leitz LABOLUX the 
ideal instrument for hospital or office laboratory. 


E. LEITZ, INC., DEPT. L-6 
468 Fourth Ave., New York 16, N.Y. 


Please send me the Leitz LABOLUX brochure 


Name 


FIRST IN PRECISION OPTICS 


Street 


20987 
City, Zone. State. 


© LEITZ. INC... 466 FOURTH AVENUE, NEW YORK 16.N.¥. 
tributors of the wortda-tar products of 


tar Germar Ernst lets c tte 
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microscope, 7 
builtin | | 
and 100x oil 
. mounts; paired. 
! 


1. Typical procedure—Draw 40 lamb- 
das of whole biood to the 1 mark on a 
Corpette. Draw acid zinc sulfate to the 


11 mark. reagent. 


4. Using S/P Accupette, transfer re- 
quired amount of supernatant filtrate to 
2 mi micro-reaction flask; add reagents 
necessary for color development. 


Equipment shown here forms the 
nucleus for a group of microchemical 
determinations requiring as little as 
40 lambdas of whole blood, plasma 
or serum. Adaptable to almost any 
method, this equipment can sim- 
plify your laboratory procedures 
remarkably. 


Suggested procedures for deter- 
minations of Blood Sugar, BUN, 
Inorganic Phosphorus and Bili- 
rubin are available from Scientific 
Products. Information on other 
determinations will be available 
shortly. 


Your S/P representative has 
samples and details on ail the 
items shown here, or write 
Technical Service Department, 
Scientific Products,1210 Leon 
Place, Evanston, Illinois, for 
information. 


5S. Place flasks in constant level micro 6. 
water bath. 


2. Transfer contents to disposable 1 mi 


micro-centrifuge tube. Using S ‘P Accup- 
ette, add 40 


hd 


barium hydroxid 


Transfer contents to 10 mm cuvette 
and read in Coleman Spectrophotom- 
eter. 
To pertorm microchemical determina- 
tions In your laboratory, here's all you 
need — 
® S/P Micro System 
® Assorted Accupettes—micro pipettes 
10 to 100 lambdas capacity 
Coleman Spectrophotometer 
@ High-speed micro-centrifuge with 
head for1 mi micro-centrifuge tubes 


S/P Micro System consists of— 

12 Corpettes— volumetric blood diluting pi- 
pettes with +1% accuracy 

12 10 mm Cuvettes for Coleman Jr.—for vol- 
umes as small as 1.5 ml 

12 Micro-Space Adapters—when used with 
cuvette, permits measurement of volumes as 
little as 0.7 ml 

50 1 ml Polystyrene Centrifuge Tubes 

12 2 ml Reaction Flasks 

6 Adapters for 50 ml shield— permits centrifu- 
gation of Reaction Flask in 50 ml trunnion 
cup; also acts as support for flask 

1 Constant Level Water Bath with rack—for 

12 reaction flasks 
$85.00 


For laboratories requiring a head for 1 ml micro- 

centrifuge tubes 

No. 52471B—Head, only, 8-place, for 1 ml micro- 
centrifuge tubes; with shields, cover 
and adapters; fits Adams Micro- 
Hematocrit Centrifuge. . $78.00 

No. 52471A—Adams Micro-Hematocrit Centrifuge 

with 8-place head for 1 ml micro-cen- 

trifuge tubes. 12,000 RP 

13,000 X G force 


Pp 


Scientific Products 


Division of American Hospital Supply Corporation 


Division Offices: Atlanta - 


Los Angeles + Minneapolis - 


Chicago + 


Columbus - 
New York + 


Dallas 
San Francisco - 


Kansas City 
Washington 
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New, Simplified Micro System 
3. Centrifuge to separate protein. 
| 
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. adds the science of fluorimetry to the 
scope of the Medical and Clinical laboratory 


The Coleman Electronic Photofluorometer is a direct-reading, line- 
operated instrument for the precise analysis of vitamins, estrogens, 
steroids, catecholamines, porphyrins and other physiological fluid com- 
ponents of interest to medical science. 


The Photofluorometer can be used independently for routine analysis 
. . . or its sensitivity can be extended far into the range of trace- 
analysis by integrating it with a Coleman Junior or Universal Spectro- 
photometer. 


Like the Coleman instruments you already know, the Photofluorometer 
is easy to use . . . easy on the budget, and de- 

livers analytical data with the faithful depend- 

ability you need in a clinical instrument. Y] 


/} 


Write for New Bulletin... B-245 


COLEMAN INSTRUMENTS INC., DEPT. E MAYWOOD, ILLINOIS 
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Four new PYREX' pipettes for special work 


These are just four of 485 new 
items added to the current 
Pyrex lab glassware catalog, 
LG-1l. The catalog now con- 
tains more than 9000 items, in- 
deed the world’s largest, widest 
line of borosilicate glass lab- 
ware. Send the coupon for a 
copy. 

No. 7101 is a volumetric pip- 
ette with larger than usual tip 
opening for faster filling and 
dispensing of viscous liquids. 
Tips are fire-polished. Four 
sizes: 5 through 50 ml. 

No. 7057 is a bacteriological 
pipette with larger than usual 
tip opening to accelerate filling 
and dispensing of viscous fluids. 
Permanent graduations en- 
graved through LIFETIME RED 


panel. Tips are double-beveled, 
ground satin-smooth to reduce 
snagging and chipping. Four 
sizes: | through 11 ml. 

No. 7084 is a serological pip- 
ette with extra long tip for 
easier entry into narrow neck 
tubes and flasks. Tips are 
double-bevel, ground satin- 
smooth to reduce snagging and 
chipping. Three sizes: 2/10 
through 5 ml. 

No. 7085 isa serological Accu- 
RED pipette of exceptional ac- 
curacy. These cost less than 
conventional pipettes because 
we use exceptionally accurate 
bore tubing and apply the 
markings in LIFETIME RED 
without etching the glass. Mark- 
ings are part of the glass, last 


PYREX® laboratory ware 
... the tested tool of modern research 


as long as the glass. Tips are 
double-bevel, ground satin- 
smooth to reduce snagging and 
chipping. Seven sizes: 1/10 
through 10 ml. 


CORNING GLASS WORKS | 
82-6 Crystal St., Corning, N. Y. | 


| Please send PYREX® catalog LG-1. 


| Name 

| Title 

| Company 
| Street 
City 


| Zone State 
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An Editorial 


A forward step 


Advances in the diagnosis and treatment of dis- 
eases have increased the importance of biochemical 
determinations. Yet, biochemical techniques have 
not always advanced at the same rate. 


To facilitate such advances in diagnosis, increased 
accuracy is necessary. This is being approached in 
two ways. 


First, the degree of accuracy of usual methods is 
being questioned, Professional associations in the 
laboratory field are currently re-evaluating meth- 
ods and recommending those which are superior. 


Second, increased attention is being given to the 
importance of routinely using reference standards, 
whatever method is used. Reference standards are 
required to calibrate instruments and prepare 
curves, They are needed to control the method used. 


Now, a group of prominent laboratories has ques- 
tioned the reliability of usual reference standards 
themselves. These investigators feel that, to be 
trusted, the reference standard must closely dupli- 
cate the unknown. It must be reliable without 
question. It must ke adequately stable. 


Their field testing of the reference standard, 
Versatol, under routine conditions, proved this 
material ideal. To the credit of the six participat- 
ing laboratories is their admission of repeated 
variance in results from the values given for 
Versatol. Recheck in every case proved malfunc- 
tioning instruments or reagents, rather than 
_ Versatol in error. Such open-minded routine use 
of Versatol in all laboratories can help in obtain- 
ing higher levels of accuracy in biochemical 
determinations. 


Versatol 


TRADEMARK 


Chemists report 
new means 
to avoid errors 


Six Leading Clinical Chemists 
Collaborate In Evaluation 


New York, June, 1958—The 
June issue of the journal, Clin- 
ical Chemistry, carries the final 
report of an extensive study 
evaluating reference standards 
for use in biochemical deter- 
minations. 


Directors of the clinical chem- 
istry laboratories of six New 
York hospitals participated in 
a collaborative study to deter- 
mine the requirements for an 
ideal clinical chemistry control. 
Warner-Chilcott’s Versatol was 
evaluated against these re- 
quirements. 


Versatol was subjected to rigid 
tests for reliability, reproduc- 
ibility and stability. It was also 
checked for chemical and phys- 
ical similarity to serum. The 
results were statistically eval- 
uated. 


The study showed that Versatol 
meets all of the requirements 
of the ideal reference standard 
for biochemical procedures and 
is far superior to all materials 
previously evaluated. 


LABORATORY SUPPLY DIVISION « WARNER-CHILCOTT, morris PLAINS. N. J. 
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A Comprebensire, Readable 
Synthesis on Hematology 


LABORATORY MEDICINE 
—HEMATOLOGY 


While other references in clinical pathology present in one volume a survey of 


all three broad fields—hematology, chemistry and microbiology—the new Miale 
book, LABORATORY MEDICINE—HEMATOLOGY is the first truly compre- 
hensive evaluation of the ENTIRE FIELD of hematologic diagnosis beginning 
with the basic concepts of hemopoiesis and cell survival and progressing to a 
detailed presentation of the entire field. 


The first in a series of three separate volumes on laboratory medicine, this is a 
detailed investigation of virtually every important aspect of hematology. You'll 
find within the covers of this volume a complete atlas of the morphology of blood 
cells complete with highly-instructive photomicrographs (not idealized drawings ) 
visually describing what one actually sees in the microscope accurately authenticated 
at the standard magnification and with the usual stain. You'll consult the chapter 
on the myeloproliferative syndromes often since it is one of the few really complete 
syntheses of this puzzling group of diseases. You'll appreciate the book's thorough- 
ness and timeliness—covering as it does all current literature up to publication. 
The chapter on blood coagulation is the most complete and up-to-date discussion 
available outside of special works, and Dr. Miale’s original studies on vascular 
pseudohemophilia make this one of the most comprehensive and highly-essential 


treatises on hematology available today. 


By JOHN B. MIALE, M.D., Professor of Pathology, University of Miami School of 
Medicine, and Director of Clinical Pathology, Jackson Memorial Hospital, Miami, 
Florida. 1958, 735 pages, 63/4// x 934/’, 192 illustrations and 9 plates including 5 in 
color. Price, $13.75. 


The C. V. MOSBY Company 


3207 Washington Boulevard + St. Louis 3, Missouri 
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NEW...HYLAND RA-TEST 

A FAST, SIMPLE, RELIABLE 
SCREENING TEST FOR 
RHEUMATOID ARTHRITIS 


a rapid slide modification of the latex fixation test 


> 
Ze 
OF 
n 


EASY TO PERFORM — just mix separate drops of Latex- 
Globulin Reagent with: (1) patient's diluted serum, 
(2) Negative Control Serum, and (3) Positive Control Serum 
on divided areas of slide. 


EASY TO READ-—positive reactions (well-defined 
clumps) are.clearly visible to the naked eye in a few seconds. 


SUPPLIED—in compact kits containing 5 cc. Latex- 
Globulin Reagent, 2 cc. Positive Control Serum, 2 cc. Nega- 
tive Control Serum, 100 cc. Glycine-Saline Buffer Diluent, 
and divided glass slide. Each kit sufficient for at least 100 
tests—at a cost to the laboratory of only 12c per test. Test 
components are also available separately. 


HYLAND LABORATORIES 


Los Angeles 39, California - Yonkers, New York 


ee ee *Trade Mark of Hyland Laboratories 
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’ The Interpretation of the 


UNIPOLAR 


Table of Contents 


A. 
Introduction 
The Relation of the Electro- 
cardiographic Deflections to 
Mechanical Electrical 
Events in the Cardiac Cycle 
* 


B. 
Procedure for the Interpre- 
tation of Multiple Precordial 
and Unipolar Limb Leads. 


C. 
Origin and Form of the 
Normal and Abnormal 
ORS-T Complex. 


* * * 


D. 
Disorders of Rate and 
Rhythm. 


* * 


E. 
Summary of ORS-T Patterns 
in Unipolar Thoracic and 
Limb Leads. 


THE C. V. MOSBY COMPANY 


3207 Washington Blvd. 
St. Louis 3, Missouri 


ELECTROCARDIOGRAM 


by 
GORDON B. MYERS, M.D. 
Professor of Medicine 
Wayne University, College of Medicine: 
Head, Department of Medicine, 
City of Detroit Receiving Hospital 


1956, 164 pages (8'2" 11”), illustrated 


Price, $4.75 


This work is the outgrowth of previous manuals pre- 
pared to supplement the Graduate Course in Electro- 
cardiography given at Wayne University College of 
Medicine for many years. The objective is an organized 
presentation of the interpretation of the unipolar elec- 
trocardiogram. The only basic physics included is that 
considered essential to the interpretation of the tracing; 
controversial theories that do not contribute to clinical 
analysis have been omitted. 


The analysis of the arrhythmias is made from leads that 
clearly display auricular as well as ventricular deflec- 
tions; the interpretation of the QRS-T complex is based 
upon the findings in multiple precordial and back leads, 
supplemented, when necessary, by esophageal and uni- 
polar limb leads. The registration of the normal and 
abnormal QRS-T complex is based upon concepts de- 
veloped by Frank N. Wilson and associates and shown 
to be consistent with experimental and post-mortem 
findings. These concepts have been presented in detail 
and suitably illustrated with diagrams as an introduction 
to clinical analysis. Efforts have been concentrated on 
a systematic lucid description of electrocardiographic 
findings in an attempt to make reproduction of tracings 
unnecessary. 

Electrocardiographic interpretation in this manual has 
been approached as an entity, in order to facilitate de- 
scription and evaluation of its contribution to Cardiology. 


Gentlemen: Send me Myers ‘“‘THE INTERPRETATION OF THE UNIPOLAR ELECTROCARDIOGRAM 


priced at $4.75. 


Dr. 


City 


Attached is my check s Charge my account. 
(Postage Paid) 


(Postage Extra) 


-- Street 


Lan-6-58 
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STABLE DRY-PACK REAGENTS STAINS - INDICATORS - BUFFERS 


AMPULED CONCENTRATES - 60 mi m AMPULED CONCENTRATES - 100 mi AMPULED CONCENTRATES - 150 mi. 


The "Dozen-Unit Package” has be- 
come a popular item. It has the 
double advantage of being both 
less costly and more adaptable to 
shelf storage. 


We now have designed an entirely 
new type “Dozen-Unit Package" for 
the supply of various Harleco prod- 
ucts which are individually boxed. 

SOLID and SOLVENT UNITS 2 
This new package features a tear 


tape similar to that on the cover- 
ing of a cigarette package. A pull 
TEAR TOP of the tape removes the end of the 
a carton. Boxed units remain in a 
corrugated shell—ideal for easily 
DOZEN U N IT PAC KAGE maintained shelf stock. 
The distributor and the consumer 
will both find advantage in price 


and utility of this new package for 
commonly used items of Harleco 


co production. 
odd é NINTH EDITION CATALOG AVAILABLE UPON REQUEST 


HARTMAN-LEDDON COMPANY + PHILADELPHIA + PA. U.S.A. 


FOR INDIVIDUALLY BOXED PRODUCTS 
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DROPPER BOTTLE PACKAGING 


Emphasizes Application of Physiology 
To Routine Practice of Medicine 


10th Edition 


MEDICAL PHYSIOLOGY 


Edited by PHILIP BARD, Professor of Physiology, 

School of Medicine, The Johns Hopkins University, 

With 13 Collaborators. 1956, 10th Edition, 1421 
pages, 634” x 934”, 438 illustrations, 5 in color. 


Price, $14.00. 


Here is emphasized the application of physiology in the routine practice of medicine. 
This is accomplished by reviewing those portions of physiology which experience has 
shown to be of especial value to the clinician. 


Although based on the popular Bard-Macleod “Physiology in Modern Medicine,” 
this edition is so radically different and has been so revitalized as to require the new 
tile “MEDICAL PHYSIOLOGY,” dealing as it does now with just those portions 
of physiology which are at present the concern of the practitioner. 


This book is the coordinated and synchronized effort of 14 outstanding authorities 
who pooled their efforts to achieve a true classic. Each major subdivision of the 
book is the work of a writer still actively engaged in the study of some phase of the 
subject that he treats. This arrangement has much to recommend it. The ever- 
increasing bulk of original literature in physiology has made it most difficult for one, 
or even two or three individuals to present in adequate fashion the facts and con- 
ceptions which should be made available to practitioners of medicine. 


Further, the treatment of each subject by one who has personally launched an 
experimental attack in some sector of that general field is likely to result in the 
placing of stress on actual experimental evidence. This should stimulate the reader 
to weigh the evidence and to achieve an understanding by the selection and coordi- 
nation of significant facts. 


THE C. V. MOSBY CO. 

3207 Washington Blvd., St. Louis 3, Mo. 
—O, d d Gentlemen: Send me on 10-day approval the Tenth 
rder fo ay from Edition of Bard’s “MEDICAL PHYSIOLOGY,” 


priced at $14.00. I understand that if I am not 


(J Attached is my check. [1] Charge my account. 


3207 Washington Blvd. | 
St. Lovis 3, Mo. 
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how it works 
The reset knob at the left of the 
number wheels, permits setting 
of the counter to zero before 
titrating. To reset, first pull out 
the knob so that the counter 
wheels turn without transmitting 
the motion to the plunger. Be- 
cause of the gear train, it's not 
possible to also set the counter 
at an exact position. Therefore, 
reset the knob within three divi- 
sions below the zero and expel 
the small amount of titrant to 
set at exactly zero. Normally, 
this small deviation may be neg- 
lected but for the most accurate 
work it can be accounted for. 


June, 1958 


counting device! 


GILMONT 


microburets 
-pipets 


. 


Dial Ce on all styles and models of the Gilmont 


Ultra-Microburets and Pipets have been replaced with a 
mechanical counting device at nominal increase in cost. 
This new device developed by Manostat Corporation, is 
not only much more convenient to use but will permit 
much greater precision of measurement. 

The three number wheels and graduations give a total 
of 5,000 divisions which permit easy reading to 1 part of 
10,000. Thus, for the one ml. total capacity buret, each 
division corresponds to 0.0002 ml. The other capacities 
are in the same ratio. 


15401 — 15402 — Gilmon 


1.0 ML 132.00 


Please specify size when ordering 


Accuracy: within 0.1% of capacity. Constructed of cor- 
rosion resistant materials. Delivered with instructions, 
ready for use. 


The EMIL GREIVER 


now equipped 
~ with 
i 
: 
RESET 
icroburet 
Capacity available in - 
0.1 ML 105.00 0.01 ML 132.00 
| 1.0ML 105.00 0.1_ML 132.00 
10.0ML 129.50 
combination 0.1 ML 
| | 
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COMPREHENSIVE COVERAGE 
of WIDE FIELDS of PRACTICE 


AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY. 
Official publication for thirty-one societies in obstetrics and gynecology. Indis- 
pensable to the physician who must have complete and authoritative coverage of 
these fields. Monthly, Domestic, $15.00; Canada & Pan-America, $16.00; Else- 
where, $17.50. 


AMERICAN HEART JOURNAL. 


An international publication for the study of all diseases of the entire circulatory 
system. Represents outstanding cardiology clinics everywhere. Since heart disease 
remains the leading cause of mortality and morbidity it merits your special study. 
Monthly, Domestic, $13.00; Canada & Pan-America, $13.50; Elsewhere, $14.50. 


JOURNAL OF LABORATORY AND CLINICAL MEDICINE. 
Official publication for the Central Society for Clinical Research. Papers are 
devoted to basic problems in medicine. Their findings are broadly informative. 
having wide application in diagnosis and treatment. Monthly, Domestic, $15.00: 
Canada & Pan-America, $15.50; Elsewhere, $14.50. 

JOURNAL OF ALLERGY. 
Official publication for the American Academy of Allergy. Every general prac- 
titioner, pediatrician, internist and dermatologist treats allergy as a matter of 
course. Yet the subject is so complex that special coverage of it is necessary if 
satisfactory results are to be uniformly obtained. Bi-monthly, Domestic, $10.00; 
Canada & Pan-America, $10.50; Elsewhere, $11.00. 

JOURNAL OF PEDIATRICS. 
An independent pediatric journal. with the largest readership throughout the 
world. Regular departments are: Medical Progress, Clinical Pathological Confer- 
ence, Psychologic Aspects of Pediatrics, Comments on Current Literature, Editor's 
Column, News & Notes, and Book Reviews. Monthly, Domestic, $12.00; Canada 
& Pan-America, $13.00; Elsewhere, $14.00. 


JOURNAL OF CHRONIC DISEASES. 


Devoted to the humane, adequate, and economically-sound management of all 
long-term illnesses of all age groups. Its scope embraces the medical, psychological 
and sociological aspects of all chronic disease. Edited for general practitioners, 
internists, public health physicians and institutional personnel. Monthly, Domestic, 
$12.50; Canada & Pan-America, $13.00; Elsewhere, $14.00. 


THE JOURNAL OF THORACIC SURGERY. 
Official publication for The American Association for Thoracic Surgery. ‘Traffic 
accidents, common household mishaps or the discovery of neoplastic disease may 
unexpectedly require the general surgeon to enter the pleural cavity. Recent 
developments in technique, equipment and accessory supplies have made surgical 
relief possible for a large number of morbid conditions. This rapidly-developing 
field is covered authoritatively. Monthly, Everywhere, $20.00. 

SURGERY. 
Representative of every surgical school and clinic in the United States and Canada. 
Presents the papers of the Society of University Surgeons and of The Society for 
Vascular Surgery. Features include: Reviews of Recent Meetings, Case Reports, 
Recent Advances in Surgery, Appraisal of Progress in Surgical Therapy, Editorials 
and Book Reviews. Monthly, Domestic, $15.00; Canada & Pan-America, $15.50: 
Elsewhere, $16.50. 

Published by 


THE C. V. MOSBY COMPANY 
3207 Washington Boulevard St. Louis 3, Missouri 
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Ortho Pharmaceutical Corporation 
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SELF CONTAINED... 


thermoregulator, 
heating unit, 
stirrer and 
circulating pump 
in one unit 


TECHNE 
“TEMPUNIT” 


CONSTANT TEMPERATURE CONTROLLER 


...for maintaining temperature constant to +0.05°C in a 12 x 12-inch bath 


A self-contained unit incorporating all 
components required for maintaining open 
water baths at temperatures up to approxi- 
mately 90° C, and for circulating water to 
external apparatus at a rate of 114 quarts 
per minute at 11!4 ft. head. 

The unique indicating thermoregulator sys- 
tem, with pneumatically actuated switch for 
control of heater, has the sensitivity of 
electrical contact methods but with greater 
dependability and longer life. Can be preset to 
any desired temperature room temperature to 
approx. 90°C. Maintains temperature constant 
within +0.05°C in a 4-gallon cylindrical glass 
vessel, 12 X 12 inches, without insulation. 

Control housing, 634 inches wide XK 454 
inches deep X 514 inches high, contains stir- 
ring motor, thermoregulator with temperature 
indicator dial graduated from 15 to 95°C and 
pilot lamp, and has built-on clamp for attach- 
ment to vessels with wall thickness up to 
144 inches. 

The helical, bimetallic sensing element, 
stirrer, aspirator tube and 1000-watt tubular 
immersion heater are integrally attached be- 
neath the housing. Heater is wound in a coil 
which encircles the six-blade propeller of 
stirrer and tip of aspirator tube. 

Stirring motor, 1/20 h.p., is fan cooled, 
induction type, with self-lubricating bearings, 
suitable for continuous use. Immersed parts, 


ARTHUR H. 


More and more laboratories rely on ae 2 
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with exception of bimetallic helix, are nickel 
plated. Housing is finished with glossy, green 
hammered effect. 

Overall dimensions 634 inches wide X 7 
inches deep X 111% inches high. When 
mounted, the unit projects 414 inches beyond 
inner edge of bath and extends 5% inches 
below rim. For proper operation, bath must 
be filled to within 2 inches of rim. Tubulation 
for connection of pump to external apparatus 
is 34-inch outside diameter. 


Method of Use. In use it is necessary only to 
set the control pointer at desired temperature on 
dial. A second pointer, driven by the bimetallic 
helix, continuously indicates the bath temperature. 
Suction produced by stirring action at tip of aspira- 
tor tube, contracts a plastic bellows, closing a 
switch which turns on the heater. Expansion of 
helix rotates the indicating pointer until it reaches 
selected temperature on dial, at which point a 
valve is opened, inflating the bellows and shutting 
off the heater. Heater is also automatically shut 
off if stirrer or aspirator pump is not operating 
properly, or if water level of bath should fall 
below aspirator tube. 


9935. Constant Temperature Bath Con- 
trolier, Techne ‘“Tempunit"” (Patented), as 
above described, complete with 4-ft., 3-wire con- 
necting cord with 2-prong, parallel blade attach- 
ment plug cap, and directions for use. Power con- 
sumption 1040 watts. For use on 115 volts, 50 or 
60 cycles, a.c. Without bath 135.00 


THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT BRD *¢ PHILADELPHIA S, PA. 
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CLINICAL AND EXPERIMENTAL 


THE DYE DILUTION CURVE IN THE EVALUATION 
OF MITRAL INSUFFICIENCY 
THeopore M.D. 
OMAHA, NEB. 


INCE the introduction of dye dilution curves for the study of cardiae and 
vascular shuats it has been observed that major degrees of valvular insuf- 
ficiency cause changes in the curve similar to those due to central circulatory 
left-to-right shunts. Characteristieally there is prolongation of the disappear- 
ance time and build-up time of the curve with relative shortening of the appear- 
ance time, decrease in the peak concentration of the dye, and, if the insufficiency 
is of major degree, a disappearance of the recireulation peak. The ratio of the 
disappearance time to either the appearance time or build-up time is prolonged. 
These effects are observed when the indicator is injected into the chamber just 
distal to the incompetent valve or at any point proximal to the incompetent 
valve and the curve recorded at any point downstream to the incompetent 
valve. In the absence of valvular insufficiency or central cireulatory shunts all 
the above parameters of the curve are determined by the eardiae output and 
the central blood volume. The latter must be known or their effects otherwise 
corrected for in the assessment of the changes due to valvular insufficiency. 
Korner and Shillingford,' studying the form of the dye dilution eurve by 
means of a eardiocireulatory model, found that in the absence of valve ineom- 
petence the cardiae output and central blood volume predicted the disappearance 
slope of the dye curve with a relatively small error. Empirical formulas were 
derived from such data which allowed a quantitative estimate of the degree of 


From the Bishop Clarkson Memorial Hospital and The University of Nebraska College of 
Medicine, Omaha, Neb. 


Supported in part by grants from the Nebraska Heart Association and the National 
Institutes of Health, United States Public Health Service, Bethesda, Md. 
Received for publication Nov. 11, 1957. 
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valvular insufficiency based upon the observed decrease of the slope of the dis- 
appearance limb below that predicted from the eardiae output and central blood 
volume, 

Recently Woodward, Ellis, and Wood? have evaluated 12 parameters of the 
dye dilution curve in the deteetion and estimation of the degree of valvular in- 
sufficiency and have found several of these useful in the differential diagnosis of 
mitral stenosis and mitral insufficiency. 

It was the purpose of the present study to evaluate the dye dilution method 
for the deteetion and quantitative estimation of mitral insufficiency. We have 
studied the oximetrieally reeorded dye dilution curve obtained after intravenous 
injeetion of Evans blue dye in 66 patients with mitral insufficiency. These have 
heen compared with curves obtained from 22 patients with pure mitral stenosis 
and 20 normal individuals. 


METHOD AND MATERIALS 


The instrument used for obtaining the dve dilution curves was a Wood type earpiece 
oximeter, The output of the earpiece photo-cells was electronically amplified by means of a 
contact modulated D.C. amplifier and recorded on a commercial, direet-writing 10 in, strip 
chart recorder. All curves used in this series were recorded from the ear after the rapid 
injection of 20 to 40 mg. of Evans blue dye* into an antecubital vein, The nomenclature 


used in describing the parameters of the curve is that shown in Fig. 1. 


t[AT| DT.-| 


Injection AT- APPEARANCE TIME 
BI-BUILDUP TIME 
DT.- DISAPPEARANCE TIME 
| RT-RECIRCULATION TIME 
Time —— 
Fig. 1 Nomenclature used in describing the parameters of the dye dilution curve. 


In preliminary studies we had found that the most useful parameter of the curve in 
the assessment of mitral insufficiency was the ratio of the disappearance time (1D.T.) to 
the appearance time (A.T.), and the evaluation of this parameter forms the basis of the 
present study. Since the disappearance time could be predicted from the appearance time 
with a small error in the normal individuals and patients with pure mitral stenosis, the 
Korner-Shillingford relationship was applied to the data according to the following 
adaptation: 


Regurgitant tlow (per cent of aortic tlow ) : D.TA.T. (predicted) 1 x 100 


In 51 of the patients with mitral insufficiency the cardiac output and central blood 
volume determined from the dye curves were used to calculate the volume of regurgitant 
flow according to the original Korner-Shillingford relationship: 


*The Evans blue dye in concentration of 40 mg. per cubic centimeter was kindly supplied 
by the Warner-Chileott Laboratories, New York, N. Y 
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log 1/s = 0.8799 — 0.061 C.O, + 1.112 log V 
where log 1/s is the reciprocal of the slope of the disappearance limb of the curve 


t, t 
( I/s C.O. is the total left ventricular output in liters per minute; 
log.C, log. 


and V is the central blood volume in ecubie centimeters determined from the dye curve 
by the method of Hamilton and associates... The above equation is solved for C.O. and 
the volume of phasic backflow, B, determined from the following: B C.0O. - F.F. 
where F.F. is the aortie flow in liters per minute determined from the dye eurve by the 
Hamilton method. The regurgitant flow determined by the latter was compared to that 
obtained by the present method. 

The subjects of the study consisted of 5 groups of patients. (1) Twenty normal 
individuals; (2) 22 patients with pure mitral stenosis: in each of these patients the 
absence of mitral insufficiency was established at the time of mitral commissurotomy; 
(3) 17 patients with mitral insufficiency grade 1: the presence of a minimal degree of 
mitral insufticieney was established in each of these patients at the time of mitral com- 
missurotomy; all the patients in this group had varying degrees of mitral stenosis as their 
predominant dynamic lesion. (4) Thirty-two patients with mitral insufficiency grade 2: 
the presence of a moderate degree of mitral insufficiency was established in 15 patients of 
this group at the time of mitral valve surgery; in the remaining cases the estimation of the 
degree of mitral insufficiency was based upon the results of clinical evaluation and, in some 
of the cases, left heart catheterization. (5) Seventeen patients with mitral insufficiency 
grade 3: none of these patients was operated upon but all were considered on the basis 
of clinical evaluation, autopsy, or left heart catheterization to have severe mitral insuf- 
ficiency; a few of these were considered to have minimal associated mitral stenosis though 
most were thought to have pure mitral insufficiency. 


TaBLE I. THe RATIO OF THE DISAPPEARANCE TIME TO THE APPEARANCE TIME OF THE DYE 
DILUTION CURVE IN NORMAL INDIVIDUALS AND PATIENTS WITH MITRAL STENOSIS 
AND THREE GRADES OF MITRAL INSUFFICIENCY 


MITRAL MITRAL MITRAL 
MITRAL INSUFFICENCY | INSUFFICIENCY | INSUFFICIENCY 
| NORMAL STENOSIS GRADE 1 GRADE 2 GRADE 3 

No. of patients 20 22 17 32 17 
ET./A.t.” & OD. 12203 1.2 + 0.16 1.5 + 0.55 2.0 + 0.45 58+ 2.2 
Range O8 - 19 O88 - 1.6 12 - 25 13-342 2.5 - 11.0 
Regurgitant flow 

Mean 0 0 20 67 383 
Range, 0 105 8 166 108 - S818 


*Ratio of disappearance time to appearance time + standard deviation. 
‘Calculated according to the following: 
D.T./A.T. 

1) 


R.F. (% of aortic flow) ( 1 


100. 


RESULTS 

Table I summarizes the results of this study. The dye dilution curves ob- 
tained from the normal control group showed a mean disappearance time-— 
appearance time ratio (D.T./A.T.) of 1.2 + 0.3 (standard deviation). The mean 
D.T./A.T. in the group of patients with pure mitral stenosis was 1.2 + 0.16 
and did not differ significantly from the control group. The mean D.T./A.T. in 
the group of patients with mitral insufficieney grade 1 was 1.5 + 0.55 and was 
significantly higher than the means of the control and mitral stenosis groups 
(P = < 0.05). The groups with mitral insufficiency grade 2 and mitral in- 
sufficiency grade 3 had respective mean D.T./A.T. values of 2.0 + 0.45 and 
2.8 + 2.2. The values for these groups differed significantly from each other 


(P = < 0.02) and from the previous groups. 
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Fig. 2 is a seattergram of the D.T./A.T. values in the different groups. It 

can be seen that there is considerable overlap of the values between the sub- 
jeets with mitral insufficiency grade 1 and the control and mitral stenosis 
groups. There was small overlap between the values in the latter groups and 
those of mitral insufficiency grade 2, and there was no overlap between the 
group with mitral insufficiency grade 3 and the normal and mitral stenosis 


groups. 
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Scattergram showing the ratios of disappearance time to build-up time in the 5 groups 
in this study. 

It was observed in the control and mitral stenosis groups that the appear- 
anee time of the dye dilution curve predicted the disappearance time (D.T. 
1.2 « A.T.) with a standard error of 0.05. The estimation of the degree of 
mitral insufficiency was thus calculated from the D.T./A.T. value by applica- 
tion of the relationship derived from the hydraulic data of Korner and 
Shillingford : 
Regurgitant flow (per cent of aortic flow) ) x 100 
Applying this relationship it was found that in the patients with elinical mitral 
insufficiency grade 1 the mean regurgitant flow was equal to 20 per cent of the 
aortic flow with a range of 0 to 105 per cent. In mitral insufficiency grade 2 
the mean regurgitant flow was equal to 67 per cent of the aortie flow with a 
range of & to 166 per cent. In mitral insufficiency grade 3, the mean regurgi- 
tant flow was 383 per cent of the aortic flow with a range of from 108 to SIS 
per cent. 

Fig. 3 shows the relation of the regurgitant flow calculated by the present 
method to the regurgitant flow calculated by the original method of Korner 
and Shillingford. There is generally good agreement between the two methods 
(coefficient of correlation = 0.9) although the present method was apparently 
more sensitive in detecting slight degrees of valvular insufficiency. 


lig. 4 shows some representative dye curves from this study. 
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by Korner-Shillingford method 


MITRAL REGURGITATION AS % OF AORTIC FLOW 


100 150 200s 250): 300 
MITRAL REGURGITATION AS % OF AORTIC FLOW 
by present method 


-~The relationship of the relative volume of regurgitation determined by the present 
method and the Korner and Shillingford method. 


Fig. 4.—Some representative dye dilution curves from this study. A, Normal subject: 
D.T./A.T. 1.0 3B, Pure mitral stenosis; D.T./A.T. 1.3. C, Clinical mitral insufficiency 
grade 2; D.T./A.T. 2.1, the estimated regurgitant flow is 75 per cent of aortic flow. 
T 


1), Clinical pure mitral insufficiency grade 3; D.T 5.2, the estimated regurgitant flow 
is 330 per cent of aortic flow. 
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DISCUSSION 

There is need for a quantitative technique for the estimation of valvular in- 
sufficieney both in elinieal valvular heart disease and in the study of the 
physiology of valvular regurgitation. There being no absolute standard for 
determining the accuracy and reliability of the present method, we have had to 
depend upon comparisons between the dye method and assessments of insuf- 
ficiency by the surgeon or by clinieal methods. With the method used herein 
there is a statistically significant correlation between the D.T./A.T. ratio of the 
dye curve and the surgical or elinical estimate of the degree of mitral in- 
sufficiency. Although there was a statistically significant difference between the 
mean D.T./A.T. in the normal or pure mitral stenosis groups and the group 
with minimal mitral insufficieney there was considerable overlap of values. Thus 
in the individual patient the method would poorly discriminate between minimal 
insufficieney and no insufficieney,. 

The principles evolved by Korner and Shillingford from studies of the dye 
curve in valvular insufficiency in hydraulie models would seem to have a sound 
physical basis. Using the method of Korner and Shillingford as a standard for 
determination of the quantitative accuracy of the present method the two 
methods show good correlation, although the latter was more sensitive to minimal 
insufficiency. The volumes of regurgitant flow as compared to aortic flow ob- 
tained by the present method generally seem plausible and are comparable to the 
values obtained by Novack and associates* using the Korner and Shillingford 
method in patients with mitral disease. Although some of the values obtained 
in the group with mitral insufficieney grade 3 are very high, they are in agree- 
ment with the highest values obtained by Woodward, Ellis, and Wood* and by 
Milnor® in experimental mitral insufficiency in dogs. However, it is possible that, 
in the highest grades of mitral insufficieney, systemically recireulated dve may 
influence the estimation of the disappearance time of the primary curve. 

Recently the character of the left atrial pressure waves as determined by 
left heart catheterization has been used for the assessment of mitral insufficiency. 
The estimate is based predominantly on the form and magnitude of the left 
atrial V wave. Although there was fairly good agreement between the left heart 
catheterization data and the estimation of mitral insufficiency by the present 
method, there were too few such comparisons for reliability. 

The present study was restricted to patients with mitral valve disease who 
had no evidence of other valvular lesions. However, injection of the dye into 
an arm vein with recording of the curve from a peripheral site measures the 
total insufficiency from all valve sites. The technique can be applied differ- 


entially by intracardiae injection at various sites; the changes of insufficiency 
will be present in the peripherally recorded curve when the dye is injected at 
any point proximal to an incompetent valve or into the chamber guarded by 
an incompetent valve and will be absent when the dye is injected into any 
chamber distal to the one guarded by an incompetent valve. 
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Another indicator-dilution method involves the injection of indicator into 
the chamber just distal to the valve in question and the mathematical com- 
parison of the time concentration curves obtained downstream and just 
proximal to the valve. ** Although the theoretical basis of this method is 
absolute, the practical assumption of rapid and complete mixing of dye with 
blood under these circumstances would apparently often not obtain. 

The present method makes it possible to quickly assess the relative volume 
of regurgitant flow without the cumbersome mathematical calculations of the 
Korner and Shillingford method. Such an estimate is thus independent of the 
absolute abseissal values of the eurve and the errors in the calculation of 
cardiae output and central blood volume. When absolute volume of 
regurgitant flow is desired, however, it may be readily obtained by determining 
cardiae output from the curve and converting relative regurgitant flow to 
absolute flow. Finally, the present method has the virtue of mechanical 
simplicity and absence of discomfort or danger to the patient. 


SUMMARY 


The oximetrically recorded dye dilution curve obtained after intravenous in- 
jection of Evans blue dye was evaluated as a method of determining the degree 
of regurgitation in patients with mitral valve disease. Patients were studied 
with normal hearts, with surgically established pure mitral stenosis, and with 
mitral insufficiency of 3 grades of severity established by surgery, or by elinical 
and autopsy studies. 

The parameter of the dye curve evaluated in this study was the D.T./A.T. 
ratio. It was found that mitral stenosis did not alter this ratio, but there was a 
statistically significant increase in the ratio with increasing degrees of mitral 
insufficiency. By application of a principle determined by Korner and Shilling- 
ford it was found that the 3 groups of mitral insufficiency subjects had respee- 
tive mean values for regurgitant flow (as per cent of aortie flow) of 20 per cent, 
67 per cent, and 383 per cent. Although there is no standard for assessment of 
the absolute accuracy of the method it appears suitable for the determination 
of clinical valvular insufficiency. 
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STUDIES ON PLATELETS 
XX. FURTHER CHARACTERIZATION OF THE ELECTROPHORETIC ANOMALY IN SERUM 
oF PatTIENtTs With IbiopatHic THROMBOCYTOPENIC PURPURA 
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BNORMALITIES of the protein constituents of serum have been previ- 
ously deseribed in patients with idiopathic thromboeytopenie purpura 
(1.T.P.). They may be summarized as follows: (1) protein-bound glucosamine 
and hexoses are significantly inereased'; and (2) electrophoretic studies show 
accumulation of carbohydrates in the albumin and gamma globulin fractions 
of serum.* The abnormal carbohydrate material persists in the albumin frae- 


tion of serum even after clinical and hematologie recovery... The present 


studies were undertaken to clarify the nature and significance of these anom- 
alies. 


MATERIALS AND METHODS 


Patients studied included 6 cases of I.T.P., 3 of the 


acute and 3 of the chronic 
variety.s The presence or absence of platelet antibodies (agglutinins and complement 
fixing antibodiest was verified in each instance bv the techniques previously described.‘ 
Serum from normal individuals and from patients with hemophilia and plasma thrombe 
plastin component (PTC) deficiency (hemophilia B, Christmas disease) was also studied. 


Electrophoresis of Serum.—Electrophoretic separation of serum fractions was carried 
out by a minor modification of a standard technique.6 Barbital buffer was used of pH 8.6 
and ionie strength 0.075. Whatman Noe, 3 filter paper was divided by pencil line into strips 
14 in. wide by 13 in. long. A pencil line was made widthwise at 8% in. The wanted 
quantity of serum (0.025 ml. for proteins or 0.05 ml. for glycoproteins) was measured with 
I 
the use of calibrated micropipettes and applied into the edge of a clean glass slide. This 
edge was then pressed to the 8% in, pencil line of the paper, a fairly even distribution be 
ing obtained in this manner. Current was passed for 7% hours at 180 v. (approximately 
1S Ma.). At the end of this time, 2 of the strips were cut off and dried in an oven at 50 
C. for 20 minutes. All experiments were run in duplicate. 
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Electrophoretic Studics of the Albumin Fraction—One strip was stained immediately 
for protein by the method of Bloek, Durrum, and Zweig.5 The albumin fraction was then 
located in the unstained strip by apposition of the stained and unstained samples. At the 
same time, we prepared paper strips of the same size which were then immersed in pH 
4.5 phthalate buffer and blotted to remove the excess moisture. The wet, unstained area 
containing the albumin fraction was then separated by eutting the paper transversely and 
placed tightly on the new strip. More phthallate buffer was sprayed with an atomizer over 
the top of the applied section, to assure good contact with the paper below, and pressure 
was applied with an applieator stick, Electrophoretic migration was continued for 14% 
hours at 120 v, (approximately 10 Ma.) using phthalate buffer. All experiments were run 
in duplicate, One strip was then stained for protein and the other for glycoprotein using 
the techniques of block and co-workers? and Kéiw and Grénwall,® respectively, Density 
values were finally read with the use of a photovolt apparatus using a wave length of 
570 X for proteins and 545 \ for glycoproteins. The quantitative values were reported as 
percentages of total density calculated with a compensatory planimeter. 

Elution of Scrum Fractions for Chemical Studics.—After migration, the segments of 
unstained paper strip where albumin and various globulin fractions had been located were 
transferred separately to glass tubes containing 10 ml. of 0.1 NaOH solution. Elution 
was carried out at room temperature and was complete in 10 minutes, being facilitated 
by squeezing the paper with a glass rod. 

Eluates were divided into equal fractions, and fragments of filter paper were 
precipitated by high speed centrifugation. In a first series of experiments, the super- 
natant fluid was first decanted. Total proteins were determined by the method of Gorn- 
wall and associates,? hexoses by the tryptophane method of Sheppard and Everett,s and 
glucosamine by the method of Rimington.® Because of the need for further control of 
our findings, a second series of experiments was conducted, Glucosamine determinations 
were repeated by the method of Boas!¢ which is based on the isolation of the compound 
on Dowex-50 resin columns, after preliminary hydrolysis, This is followed by determina- 
tion of the glucosamine by a modification of the Elson-Morgan method.1! Full details 
of this technique may be found in recent publications.12.1% Values reported for glu- 
cosamine in the course of this paper are those obtained by the latter procedure. They 


were in fairly close agreement with those obtained by the alternate technique. 


TABLE I. ELecTROPHORETIC DISTRIBUTION OF SERUM PROTEINS AND GLYCOPROTEINS IN I.T.P., 
HEMOPHILIA SYNDROMES, AND NORMAL INDIVIDUALS 


PLATE- {COMPLE 

LET MENT GLYCOPROTEIN 
SERA, PATIENT, SEX, | AGGLU-| FIXA PROTEIN (PER CENT (0 PER CENT) 
AND AGE TININS| TION* | ALB. | a, | a B B 
Normal (R. M., ao 5.2 4.8 11.4 16.6 22. 4 27.2 32.4 16.8 
Normal (M.%., 38) 37. 1.7 10.3 7 26.5 6 24.2 
2 :35 33. 9.0 15.0 21.0 22. 7.6 27.3 19.3 
(D.C, 5.9 13.0 0 24. 26. 25.§ 
(BA. ‘ 30. 9.4 16.9 24.5 21.2 26.3 18. 


Hemophilia 
(S. W., M., 42) 
PTC deficiency 
(W. P., M., 39) 32.9 10.1 10.9 18.7 27 


*A lyophilized preparation from platelets was used as antigen. 
RESULTS 


Electrophoretic Patterns of Normal and Pathologic Sera.—Migration with 
pH 8.6 barbital buffer gave the protein and glycoprotein patterns for normal 


~ 
4 
17.2 
13.5 
19.5 
22.2 
15.7 
27.7 
21.5 21.4 25.0 21.4 10.7 
0 20.0 25.0 19.1 16.6 19.3 
3 36.3 21.0 5.0 24.0 
4 3.4 30.1 24.2 24.2 18.1 
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and L.T.P. sera which have been deseribed elsewhere.2 Actual results are 
summarized in Fig. | and Table I. Sera of patients with hemophilia and PTC 
deficiency also gave a normal pattern. These cases were selected because it 
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Fig. 1.—Electrophoretic distribution of serum proteins and glycoproteins (semische- 
matic). A, Normal serum. 8&8, Serum of patients with I.T.P. (note increased amount of carbo- 
hydrates in the albumin fraction). 
had been previously shown that the standard Tiselius method reveals an ab- 
normal electrophoretic fraction (a,) in the serum of patients with LT.P. and 


with the hemophilia syndrome."* 
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The albumin fraction from normal serum behaved as a single component 
when electrophoretically migrated in phthalate buffer (Fig. 2, .1) and showed 
no appreciable stainable carbohydrate material. The albumin from serum of 


Albumin 


Optical Density 
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Fig. 2.—Electrophoretic migration of the albumin fraction from sera of normal individuals 
and patients with LT.P. in acid buffer (pH 4.6). A, Normal serum (note the single com- 
ponent, containing no hexoses). 8B, Serum of patients with I.T.P. (note double component, 
the faster one containing the greatest amount of hexoses). 


patients with I.T.P., however, under identical experimental conditions, sepa- 
rated into 2 individual components: a faster one (albumin-1) representing 24 
to 36 per cent of all protein (70 to 85 per cent of the total albumin fraction) ; 
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and a slower one (albumin-2) representing 5.5 to IL per cent of all protein 
(Fig. 2, B). The bound carbohydrate-protein ratio in terms of milligrams-grams 
approximated values above 20 for the albumin-l and of 10 for the albumin-2 
fraction. Direet staining .with the method of K6éiw indicated that 75 to 80 
per cent of all hexoses were found in albumin-1 and only 20 to 25 per cent in 
albumin-2. Similar results were obtained in the serum of rabbits which had 
developed an auto- and iso- platelet antibody after stimulation with antigeni- 
cally modified autologous platelets..° In two such sera the albumin-1 con- 
tained 26 to 27 per cent of all protein, respectively; the albumin-2 between 
14 and 17 per cent. 

Chemical Studies on the Eluted Electrophoretic Fractions.—The major dit- 
ference between normal and L.T.P. sera resided in the total amount and in the 
distribution of hexoses and glucosamine in the various serum fractions. Quan- 
titatively, there was appreciable increase of protein-bound hexoses and a sig- 
nificant rise of glucosamine in the serum of patients with I.T.P. (Table IT). 
Moreover, no appreciable amount of hexoses or glucosamine could be detected 
in the eluate from the albumin fraction of normal serum, while the eluate from 
the serum of patients with LT.P. contained 15 to 20 per cent of the total 


amount of protein-bound hexoses, and approximately 50 per cent of the total 


glucosamine (Table Il). The increase of total protein bound hexoses and 
glucosamine in the serum of patients with L.T.P. appeared linked to their ap- 


pearance in the albumin fraction, while their amount was essentially un- 
changed in the globulin fractions as compared to normal serum. Table III 
indicates that hexoses and the greatest part of the glucosamine in the albumin 
fraction migrated with the albumin-l. <A slight amount of glucosamine, how- 
ever, was recovered from the albumin-2 fraction in the serum of patients with 
L.T.P. of the so-called “acute variety.” 


DISCUSSION 

The present findings in the serum of patients with L.T.P. confirm and ex- 
tend the qualitative data reported previously... They essentially indicate for 
serum of patients with LT.P.: (1) an absolute inerease of protein-bound 
hexoses and glucosamine; (2) an abnormal presence of protein-bound hexoses 
and glucosamine in the albumin fraction; and (3) the separation of the al- 
bumin fraction in two components (the faster one containing most of the pro- 
tein, all protein-bound hexoses, and the greatest amount of glucosamine) under 
certain experimental conditions. The significance of these findings remains 
uncertain. They are not likely to be the expression of a delayed clotting 
mechanism, since they do not appear in hemophilie sera, or in sera from pa- 
tients with secondary thrombocytopenia due to leukemia or bone marrow 
aplasia. We believe that .they may indicate autoimmunization against plate- 
lets, especially because similar findings have been shown in the sera of rabbits 
who had developed auto- and iso- platelet antibodies after stimulation with 
autologous, antigenically modified platelets... Also, platelet isoagglutinins 
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were found in the serum of the majority of our patients. We are now extend- 
ing our studies to additional cases of 1.T.P. and to other diseases where an 
autoimmune factor may play a pathogenetic role (e.g., hemolytic anemias and 
anaphylactoid purpura) to establish whether the electrophoretie and chemical 
findings described in L.T.P. apply to all diseases possibly linked to mechanisms 
of autoimmunization, 

The possibility of splitting the albumin fraction and the accumulation of 
protein-bound hexoses and of glucosamine in the faster moving component of 
the albumin fraction in the serum of patients with I.T.P. also pose a stimu- 
lating challenge of interpretation. The newly observed facts suggest an ab- 
normal composition for the albumin fraction of the serum of patients with 
L.T.P. We wondered also, about the relationship of these findings to the ap- 
pearance of the a, anomaly deseribed by Bernfeld and Stefanini.'"* The two 
phenomena are obviously unrelated. Thus, hemophilia sera exhibit the ax 
anomaly but none of the findings reported here for I.T.P. sera. Finally, the 
finding of a carbohydrate rich component of the albumin fraction with rapid 
migration toward the anode at acid pH suggests that this may be represented 
by orosomucoid, one of the components of the serum glycoproteins. Such a 
possibility is being explored at present in a larger series of cases. 


SUMMARY 


1. Electrophoretic studies show an increase of total carbohydrate staining 
material as compared to normal values and its aceumulation in the albumin 
fraction in the serum of patients with the acute or chronie variety of idio- 
pathie thrombocytopenic purpura (1.T.P.). Chemical studies after elution 
confirm these results, as well as the presence of hexoses and of glucosamine 
in the albumin fraction of L.T.P. serum. No carbohydrates are found in the 
albumin fraction of normal serum. 

2. The eluted albumin fraction of normal serum migrates as a uniform 
component in phthalate buffer at pH 4.6; under similar conditions, the al- 
bumin fraction from serum of patients with I.T.P. divides into two components. 
The faster component represents up to 80 per cent of the entire albumin frae- 
tion and contains all protein-bound hexoses and the greatest amount of glu- 
cosamine found in the albumin fraction. 

3. These findings may be related to the presence in patients with LTP. 
of an autoimmune state against platelets. 


We wish to acknowledge the assistance of Dr. Sergio I. Magalini in an early phase 
of this work. 
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ANTIHEMOPHILIC GLOBULIN ASSAY FOLLOWING 
INFUSIONS HEMOPHILIA 
A. S. Doveias, M.D., B.Sc.(Guas.), M.R.C.P.(Lonb.), ), 
F.R.F.P.S. (Guas.) 
(iLASGOW, SCOTLAND 


PLASMA 


INTRODUCTION 


NTIHEMOPHILIC globulin (A.HLG.) is a plasma clotting factor which is 
A found in association with the fibrinogen fraction of normal blood, but is 
lacking in the blood of hemophilie patients. In the practical management of 
hemorrhage in the hemophiliae it is of value to have an appreciation of the 
result of plasma infusions on the A.H.G. level of the patient’s blood and of 
the duration of this effeet. It is also of importance to have a correlation be- 
tween the A.H.G. level and the hemostatic effect. It was the object of this 
investigation to study these aspects in patients with hemophilia following the 
administration of plasma. 

The therapeutic materials which are at present generally available for 
the management of the hemostatic defect in hemophilia are whole blood, fresh- 
frozen plasma, and the lyophil-dried plasma fraction | (Cohn). As a source 
of supply of A.TLG., whole blood is unsatisfactory. The blood must be fresh, 
because assay of the A.HLG, concentration of stored blood reveals that often 
there are only small amounts left after 3 to 4 days.' Furthermore, hemo- 
philiaes are frequently the recipients of multiple transfusions and there is the 
danger of hemolytic transfusion reactions unless sensitive compatibility tests 
are employed; this may be impossible in an emergeney. Fresh-frozen plasma 
is readily prepared; blood is collected as for transfusion purposes, the red cells 
separated, and the plasma kept at -20° C. Under these conditions of storage 
the A.FLG. survival is considerably better than in bank blood. The lyophil- 


dried A.HLG, fraction is relatively concentrated, but is expensive to prepare 
in comparison with the cost of fresh-frozen plasma. <A theoretical disad- 


vantage of the fresh-frozen plasma is the large volume required, with, in con- 


sequence, the possibility of circulatory overloading. In practice this problem 
has not been encountered, and, in this study, the A.H.G. was administered as 
plasma, generally fresh-frozen plasma. 

The improvement in the clotting efficiency of hemophilic blood in con- 


sequence of therapeutic administration of plasma or plasma fractions can be 
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assessed by a variety of “in vitro” techniques. These include the whole blood 
clotting time, the plasma recalcification time, the prothrombin consumption 
test,? the thrombin generation test,® the partial thromboplastin time test,* and 
the thromboplastin generation technique... When used unmodified, the whole 
blood clotting time, the plasma recalcification time, and the prothrombin con- 
sumption test on whole blood are insensitive indices of clotting efficiency be- 
cause small amounts of A.HLG. will produce disproportionately large cor- 
rection. The plasma recalcification time and the prothrombin consumption 


technique can, however, be modified to produce a more sensitive assay. Other 


assay techniques which are available, are dependent on the partial thrombo- 
plastin time and on modifications of the thrombin generation test and the 
thromboplastin generation technique. 

In this study use has been made of the whole blood coagulation time, the 
prothrombin consumption test, the thrombin generation technique, and the 
thromboplastin generation method. The last 3 have been modified to give as- 
says and the thromboplastin generation technique in particular has been used 
extensively. 

The assessment of the hemostatic level of A.H.G. is more difficult. An 
attempt has been made to correlate the level of antihemophilic globulin with 
the oceurrence of hemorrhage following tooth extraction and the cessation of 
hematuria in hemophilic patients 


MATERIALS AND METHODS 


Glassware.—All clotting times, of fibrinogen or of high-spun normal plasma, were car 
ried out in tubes with an internal diameter of 4% in., maintained at 37° C. 

Centrifugation.—This was done at 4° C. in a refrigerated centrifuge. 

Reagents.—Caleium chloride (0.025 M), 3.8 per cent sodium citrate, and human fibrino 
gen were prepared as described by Biggs and Macfarlane.6 The human brain thromboplastin 
was that deseribed by Brown and Douglas.7 


Preparation of Plasma.—The plasma was prepared by the Glasgow and West of Scot- 
land Blood Transfusion Service. For each observation blood was collected from 4 donors. 
Generally donors of the same blood group as the recipient were used for the preparation 
of the fresh-frozen plasma, but donors of group A or AB were used for an emergency 
reserve, Donors with a high titer anti-B agglutinin or with anti-B hemolysin were ex- 
cluded, The preservative-anticoagulant solution used was composed of 2 Gm, of disodium 
hydrogen citrate, 3 Gm, of dextrose, and sufficient water to make 100 ml. Four hundred 
and forty milliliters of blood was collected into the 100 ml. of preservative-anticoagulant 
solution. 

Only donors giving blood at the Regional Transfusion Center were used so that the 
plasma could be separated immediately and frozen. Centrifugation of the blood was ecar- 
ried out at 1,800 rpm. for 30 minutes. The plasma was separated with aseptic and anti- 
septic precautions and stored frozen at —20° C, 

The volume of plasma obtained for each infusion as a consequence of separation from 
4 pints of blood varied from S60 ml. to 1,050 ml. The mean value was 960 ml. 

In one observation the plasma infused had not been frozen; it was collected as de 
seribed above and administered as soon as collected. 


Administration of Plasma.—The plasma was thawed immediately before use by standing 
the bottle in a basin of warm water and was given to the hemophiliae by moderately rapid 


intravenous transfusion, the time of administration varying from 45 to 60 minutes, 
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The plasma was administered to hemophilie patients generally for therapeutie pur- 
poses, e.g., for tooth extraction, for hematuria, or hematoma formation. 


In one observation 
there was no known site of hemorrhage. 


Collection of Specimens.—Blood was collected by clean venepuneture from the pa- 


tients before the administration of the plasma, immediately after, and at 6, 12, 24, 48, 
and 72 hours from the time of starting the infusion, 


Standard sized 20 ml. syringes and 
wide bore needles (S.W.G. 18) 


In order to avoid frothing of the blood the 
syringes were allowed to fill without traction being applied to the plunger. Before de- 
livery of the blood to the tubes the needle was removed. 


were used, 


Using a graduated centrifuge 
tube, 9 ml. of blood was mixed with 1 ml. of 3.8 per cent sodium citrate. These specimens 
were used for the assay of antihemophilic globulin by the thromboplastin generation test 
and the prothrombin consumption technique. The specimens were immediately centrifuged 
at 20,000 r.p.m, for 5 minutes in a high-speed centrifuge attachment and the plasma sep- 
arated and stored at —20° C, until all the specimens had been collected. The antihemo- 
philie globulin content was then assayed in these specimens in one experiment. In a small 
number of the observations an assay was also made on these specimens within half an hour 
of collection, The results of the assays on the fresh specimens and those frozen at -20° C. 


showed reasonable agreement. 
The whole blood clotting time in 3 of the observations and the prothrombin consump- 
tion index in 2 were estimated on specimens collected simultaneously with those used for 


the assay of antihemophilie globulin. On 6 occasions specimens of plasma were collected 
I 


for study on the thrombin generation technique, The plasma was collected as deseribed 
above for use in the thromboplastin generation test except that the plasma separated was 
platelet-rich as a consequence of centrifugation at 500 r.p.m. for 30 minutes. 


Whole Blood Coagulation Time.—This was carried out at room temperature in tubes 
with an internal diameter of 10 to 11 mm., maintained at ward temperature. One milli- 
liter of blood was delivered to each of 2 tubes and these were gently inclined once every 
5 minutes until coagulation oecurred. 


The range of normal by this method was 10 to 25 
minutes, 


Thromboplastin Generation Technique of AJ.G, Assay.—The 30 observations described 
in this paper were carried out during a 4-year period of study of the problem. The method 
of assay using the thromboplastin generation technique was modified after the first 12 


observations in which the method (A) described below was used. The assay was made 


by a second method (B) in the subsequent 18 infusions. 
A. As described by Douglas. The variable component in the system was the ad- 


sorbed plasma: before, immediately after infusion, and at 6, 12, 24, 48, and 72 hours later. 
These results were then assayed by using mixtures of a random normal adsorbed plasma 


in the specimen of adsorbed hemophilic plasma collected before the infusion, 


B. In this modification the clotting time was estimated only at the 6-minute point 
after reealcification, Seven incubation mixtures were set up (e.g., before, after, 
12 hours, 24 hours, 48 hours, and 72 hours, or 100 per cent, 50 per cent, 25 per cent, 12 


per cent, 6 per cent, 3 per cent, 0 per cent) and recalcified at l-minute intervals, 


6 hours, 


As soon 
as the seventh tube was recalcified the first was ready for test and the others became 
realy at l-minute intervals thereafter in succession. The control again was a random 
normal subjeet and from the figures obtained on the mixtures of control in the hemophiliae 


before transfusion, a graph was prepared (e.g., as shown in Fig. 1). 


It has been shown that the A.H.G, content of the blood of hemophiliacs is variable 
in accordance with the degree of severity of the condition.®%, 10 


The severely affected 
hemophiliae with a greatly 


prolonged whole blood coagulation time has no A.H.G, The 


affected patient, with a normal or only slightly prolonged whole blood 
clotting time, may have up to 30 per cent A.H.G. 


mild or moderately 


The great majority of the infusions 
were given to severely affeeted hemophiliacs with negligible amounts of A.H.G.; 4 of the 
observations, however, were made on short clotting time hemophiliacs. 


Sinee the dilution 


mL) 
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eurve of the normal was made into the specimen of patient’s plasma collected before start- 
ing the infusion the results in these particular observations represent the increment over 
the patient’s initial level of A.H.G, 


50; LOG CLOTTING TIME IN SECONDS 


40) 


30 


IO 20 30 40 50 100 
LOG CONCENTRATION OF AHG 


Fig. 1—Thromboplastin generation technique (Method B) of A.H.G. assay. 
graph for the reading of results. 


Example of a 


Prothrombin Consumption.—A. On whole blood as described by Merskey.? 


B. On recalcified hemophilie platelet-rich plasma as deseribed by Douglas and Cook.1! 
The supply of low-spun hemophilic plasma was prepared from the patients before the ad- 
ministration of the infusion. 


Thrombin Generation Technique.—In this method 0.5 ml, of low-spun plasma with 0.5 


ml. of saline was reealeified with 0.5 ml. of 0.025 M calcium chloride and at 1-minute in 
tervals 0.1 ml. transferred to 0.2 ml. of fibrinogen and the clotting times recorded. Any 
clot formed was removed on a wooden applicator stick. Mixtures were made of a normal 
plasma in the specimen of hemophilie plasma collected before starting the infusion. The 
test was carried out on each of the mixtures of normal in hemophilie plasma and on the 
specimens before and at intervals after the infusion. By comparing the readings at one 
specified minute interval (e.g., sixth minute) after recalcification, an assay was made on 
the infusion specimens, 


RESULTS 


Whole Blood Coagulation Times.—The results in 3 of the observations, 
respectively, were as follows: before, over 120 minutes, over 120 minutes, and 
over 120 minutes; after, 11 minutes, 11 minutes, and 14 minutes; 6 hours, 15 
minutes, 14 minutes, and 12 minutes; 12 hours, 21 minutes, 25 minutes, and 
30 minutes; 24 hours, 28 minutes, 30 minutes, and 60 minutes; 48 hours, 90 
minutes, 70 minutes, and over 120 minutes; 72 hours, over 120 minutes, over 
120 minutes, and over 120 minutes. 

There was a correction to normal immediately after the infusion. This 
marked correction of the whole blood clotting time is to be compared with the 


PERCENTAGE ANTIHAEMOPHILIC 
GLOBULIN 


AFTER 6 12 TIME IN HOURS 


Fig. 2.—In this figure the results of the A.H.G. assays using the thromboplastin genera- 
tion technique are shown as solid dots, for the specimens collected immediately after infusion, 
6 hours, 12 hours, and 24 hours later. At 48 hours after infusion in 9 of the observations 
there were trace amounts of A.H.G. present and in the remainder no A.H.G. was demonstrable. 
There was no A.H.G at 72 hours in any of the observations 

To the right of the solid dots, recording the 30 assays on the thromboplastin generation 
technique, are circles representing the results of the 9 observations using the prothrombin 
consumption technique In these 9 observations there was no demonstrable A.H.G. in. the 
{S-hour and 72-hour specimens. 


LOG CONCENTRATION OF 
ANTIHAEMOPHILIC GLOBULIN 


12 8 24 30 
TIME IN HOURS 


\ntihemophilie globulin survival “in vivo.” It will be observed that the half-life is 
approximately 9 hours. 
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very defective correction of thromboplastin generation as demonstrated below 
in the assay, 


Thromboplastin Generation Technique of Assay—Examples of 


methods (A) and (13) are shown in Table T and the results of the assays in 


ig. 2. 


TABLE IT.) EXAMPLES OF MetTHops oF A.H.G, ASSAY 

PROTHROMBIN 

CONSUMPTION THROMBIN 
METHOD B DUPLI TECHNIQUE GENERATION 
CATE READINGS AT 45 MIN. TECHNIQUE 

METHOD A (INCUBATION (INCUBATION ( INCUBATION (INCUBATION 
INCUBATION TIME IN MIN, TIME IN MIN. TIME IN MIN.) | TIME IN MIN,) 
MIXTURE : 5 j j 

sefore x a 5 7 10 

After 5 25 

6 hr. f j 19 

12 hr. ¢ 7 ‘ : 23 2 16 

24 hr. 23 2 22 23 2: d 12 

#8 hr. 33635 q 10 

72 hr. af 3 36 38 11 


THROMBOPLASTIN GENERATION TECHNIQUE 


100 per ce ¢ ¢ 
50 per ce 1 45 
25 per $ 4 y 2 2 31 
12 per ce 314 1 20 

6 per : 7146 15 15 2: 2: 16 
3 per 39 22 19 If 3 13 
0 per 36 OBE 35 5 10 
Clotting times in seconds Thrombin units 

Readings from these figures in percentages of A.H.G. 

After 12 Is 19 
6 hr. 6 12 12 

12 hr. 

24 hr. 

48 hr. 


72 hr. 


The mean values of these 30 observations were then determined and in 
Fig. 3 the logarithm of the coneentration of A-H.G. has been plotted against 
the time in hours. From this it can be seen that the half-life of A.H.G, is ap- 
proximately 9 hours. 

The mean rise in A.H.G. concentration as a consequence of the infusion of 
a liter of plasma to an adult hemophiliae was 13.5 per cent. By 6 hours this 
had fallen to 8.5 per cent, by 12 hours to 4.1 per eent, and by 24 hours to less 
than | per cent. 

In all the observations the plasma used was fresh frozen except in one 
when the plasma was administered immediately after collection. In another 
of the observations there was no known site of hemorrhage at the time of the 
infusion. These observations were made in view of the possibility that the 
rapid rate of utilization of A.H.G. was related either to the method of storage 
of the plasma by freezing or to the consumption of A.H.G. for hemostatic 
purposes at a site of hemorrhage. The results on these two particular in- 
fusions were not dissimilar to the other observations and are included in Fig. 2. 
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Prothrombin Consumption Technique—On whole blood: the results on two 
observations recorded as prothrombin consumption indices were, respectively, 
as follows: before, 146 per cent and 188 per cent; after, 27 per cent and 35 
per cent; 6 hours, 33 per cent and 33 per cent; 12 hours, 85 per cent and 40 
per cent; 24 hours, 100 per cent and 55 per cent; 48 hours, 190 per cent and 93 
per cent; 72 hours, 220 per cent and 140 per cent. The levels of A.H.G. at- 
tained as a consequence of the infusion have restored the prothrombin con- 
sumption to within the normal range in the readings immediately after and at 
6 hours. At 24 hours the trace of A.H.G. remaining was still sufficient to pro- 
duce some correction of the prothrombin consumption, though by then outside 
the normal range. The restoration to normal prothrombin consumption is in 
contrast to the level of A.H.G. attained by the assay on the thromboplastin 
generation technique. 


6{THROMBIN UNITS _— 
5 4 

6HRS 

I2HRS 
3 4 
2 4 

24HRS 

HRS 

2HRS 


| 2 3 + > 6 7 
INCUBATION TIME IN MINUTES 


Fig. 4.—Thrombin generation technique. Thrombin development from plasmas collected at 
intervals as indicated on the diagram. 

On reealeified hemophilie platelet-rich plasma: in Table I an example of 
this form of assay is shown and in Fig. 2 the results on 9 of the observations 
assayed by this technique. 

Thrombin Generation Tcchnique.—In 6 of the observations this technique 
was applied, and the mean of the results is shown in Fig. 4. In 2 of these, 


> 
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dilution curves were made and the assay read over 53-minute intervals. An 
example of the method of assay is shown in Table I and the mean of the 6 
figures obtained by this method were: after, 17 per cent; 6 hours, 11 per 
cent; 12 hours, 7 per cent; 24 hours, 1 per cent; 48 hours, nil; 72 hours, nil. 

Estimation of the Hemostatic Level of Antihemophilic Globulin.—In 23 of 
the observations tooth extraction was carried out within one hour of completion 
of the infusion. During the 24 hours following the extraction there was bleed- 
ing in only one of the extractions. In four of the dental operations some bleed- 
ing started 24 to 48 hours after the completion of the infusion. In 15 of the 
extraction operations there was some hemorrhage between 48 and 72 hours. 
It is probable from this that the level of A.H.G. attained (15 to 14 per cent) in 
consequence of the infusions, had some hemostatic value. 

In one observation the patient had hematuria for one week before the 
plasma was administered. Prior to starting the plasma infusion he passed a 
specimen of urine showing gross hematuria and was given 2 pints of water to 
drink to produce a diuresis. At 15-minute intervals from the time of starting 
the infusion further specimens of urine were collected. The 15- and 30-minute 
specimens still contained blood; the 45-minute specimen was obviously clearer, 
and the 60-minute specimen contained no obvious blood. To obtain hemo- 
stasis in this patient for this particular purpose an A.H.G. level of 12 per cent 
was effective. 

DISCUSSION 

This investigation confirms the difficulties involved in the therapeutic re- 
placement of A.H.G. in the hemophiliae. In order to obtain a level of 14 per 
cent of A.H.G. in a hemophiliace, approximately a liter of plasma has to be 
given with a rapid infusion and this administered A.H.G. has been utilized in 
24 hours. The maintenance of a level of 14 per cent A.H.G. would require the 
administration of a liter of plasma every 6 to 12 hours. This rapid utilization 
of A.H.G, is related neither to the method of storage of the plasma by freezing 
nor to its consumption for hemostatic purposes at a site of hemorrhage. The 
assays indicate that A.H.G. has a half-life of approximately 9 hours. 

There is suggestive evidence from this study that a level of 14 per cent 
A.H.G. had some hemostatic value in control of bleeding from the sites de- 
seribed. The production, if possible, of higher levels of A.H.G. activity in the 
hemophiliae’s blood is clearly desirable, and this has been described using 
preparations of A.H.G, from animal sourees.'*"* Although the levels of 
A.H.G. attained in this study were probably of some value in hematuria and 
in bleeding from tooth extraction, these are relatively minor tests of hemo- 
static efficiency. It is probable that for surgical procedures, involving trauma 
to larger vessels, a higher level of A.H.G. is required. 

Preparations of Cohn’s plasma fraction I are available as a souree of 
A.H.G. for the treatment of hemophilia. The difficulty remains, however, of 
the amount required. Even if there is full recovery of the A.H.G. from the 
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plasma it would still require the fraction derived from a liter of plasma for 
administration every 6 to 12 hours to maintain even the low levels of A.HLG., 
attained with the infusions described in this investigation. 

Until such time as concentrated preparations of A.FLG. from human 
plasma,'® from animal plasma,’**® or from tissue’? become available, whole human 
plasma must remain as the mainstay of therapy. As mentioned above, A.H.G. as- 
says on the plasma of blood stored for transfusion purposes at 4° C. reveal that 
commonly there are only trace amounts left after 3 to 4 days. In plasma main- 
tained at —20° C. from the time of collection, the preservation of A.F.C. is con- 
siderably better. Such plasma can be kept available by transfusion services 
to meet the emergeney of bleeding in hemophilia. 

The level of A.H.G. attained as a consequence of the infusions was found 
to vary from 5 per cent to 20 per cent. Pitney’ observed that the level of 
A.H.LG. in normal subjects varied from 65 per cent to 160 per cent. Others 
have found similar figures.” ** It is likely that the wide seatter in the re- 
sults is in part due to this variation in the normal. This would influence the 
result in that a random normal plasma used as the control in each assay and 
to a lesser extent the content of the A.HLG. in the donor plasma would be 
variable. 

Biggs'’ has found, after infusion of 1,000 ml. of fresh plasma, levels of 
A.H.LG. between 18 per cent and 30 per cent. The figures in this investigation 
are slightly lower (5 to 20 per cent with a mean of 14 per cent). The volumes 
used here were often slightly less than 1,000 ml. and the plasma was prepared 
from blood collected in a relatively large volume of anticoagulant fluid (440 
ml. of blood to 100 ml. of acid citrate dextrose solution). The plasma used was 
maintained frozen from the time of collection for a period varying from a few 
days to several weeks. Though the frozen samples often maintain activity 
well, there may have been some over-all deterioration of A.H.G. activity as 
compared with the use of fresh plasma as deseribed by Biggs.'’ 

These observations confirm previous reports that the correction of the 
whole blood clotting time does not mean restoration to a normal eoagulation 
mechanism. The whole blood clotting time and the prothrombin consumption 
were reduced to normal when the A.H.G,. assay revealed only 15 to 20 per cent 
A.H.G. to be present. 

Whether the rapid disappearance of antihemophilic globulin in the hemo- 
philiae represents the physiologic utilization of the factor is problematical. 


Langdell and associates'’ administered plasma to hemophilie and normal dogs. 


The utilization in the normal dogs was as rapid as in the hemophilie dogs. 


SUMMARY 


Antihemophilie globulin (A.HL.G.) has been assayed in hemophiliaes follow- 
ing the administration of 1 liter of plasma. In 30 observations, using the throm- 
hoplastin generation technique as a method of A.H.G. assay, a mean level of 14 
per cent A.H.G. was attained on completion of the infusion. The half-life of 
the administered A.H.G. was approximately 9 hours and less than 1 per cent 
was demonstrable at 24 hours. Similar levels of A.H.G. were found using a 
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thrombin generation method and a prothrombin consumption technique on re- 


calcified hemophilie plasma. The observations suggested that the levels of 


A.H.G, attained by these infusions probably provided some hemostatic effect 
in hematuria and tooth extraction in hemophilie patients. 


I wish to thank Professor L, J. Davis for his interest in this investigation and guid- 
ance in the preparation of this manuscript. T am also grateful for the helpful cooperation 
of Dr, J. Wallace, Director of the Glasgow and West of Scotland Blood Transfusion 
Service, and for the valuable technical assistance of Miss Kathleen Mair. 
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SERUM VITAMIN B,, CONCENTRATIONS DETERMINED BY L. 
LEICHMANNIL ASSAY IN PATIENTS WITH NEOPLASTIC DISEASE 


Rosert S. MENDELSSOHN, M.D.,* M. Watkin, M.D. 
BerHespa, Mp. 


HIS paper presents details of a modification of the U. S. Pharmacopeia XV 

Lactobacillus leichmannii method' of assay developed specifically for de- 
terminations of vitamin B,. in serum, and reports the results of a survey of 
serum B,. levels measured by this teehnique in 31 normal controls and 93 
patients with neoplastic disease and certain other conditions. 


METHODS 
The U.S.P. method was followed closely with the exceptions detailed below. 


Assay Preparation—All serum samples were drawn from fasting subjects. To each 
milliliter of serum, 2 ml. of an aqueous extraction solution was added. Each 100 ml. of 
extraction solution, prepared just prior to use, contained 1.29 Gm. of disodium phosphate, 
1.1 Gm. of anhydrous eitrie acid, and 0.1 Gm. of sodium metabisulfite. Sodium metabisulfite 
concentrations of less than 0.001 Gm. per milliliter resulted in incomplete extraction of 
B,. from serum, while greater concentrations (assuming 0.5 ml. of extraction solution present 
in each final assay tube) resulted in inhibition of growth of the organism. The pH of this 
extraction solution was approximately 4.6. 

The mixture of serum and extraction solution was autoclaved at 121° C. for 10 minutes, 
centrifuged, and duplicate 0.75 ml. and 0.3 ml. portions of the supernatant (containing 
0.25 and 0.1 ml. of serum, respectively) were transferred to the final assay tubes. Sufficient 
extraction solution was added where necessary to bring its volume in each final assay tube 
to 0.5 ml. The final volume of each tube (before addition of assay medium) was brought 
to 5.0 ml. with distilled water. 


Assay Medium.—Five milliliters of Bacto B,, Assay Medium,t U.S.P., containing 85 
Gm, of solid material per liter of distilled water, was added to each final assay tube. 


Standard Curve.—A standard B,, solution containing 0.050 mug per milliliter was made 
up from a B,, stock solution prepared monthly from crystalline B,. according to U.S.P. in- 
structions. With each assay, 9 dilutions of the working standard, each in duplicate, rep- 
resenting from 0.025 to 0.225 mug of B,, were added to final assay tubes to comprise the 
standard curve, 


Tnoculum.—The organism, Lactobacillus leichmannii,} was transferred daily in Bacto 
B,, Inoculum Broth,t U.S.P. A 20-hour growth was centrifuged and washed 3 times in 
saline. One drop of material, diluted to give a reading of about 72 per cent transmittance 
at 600 my, in the Coleman Universal spectrophotometer (corresponding to approximately 0.5 
mg. cells per 10 ml. of saline), was inoculated into each tube. 
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Procedure.—After either standard B,, solution or supernatant from the serum extrac 
tion was introduced into the assay tubes, the complementary extraction solution (if re 
quired), distilled water, and assay medium were added. The tubes were placed in’ racks 
covered with gauze-lined aluminum trays and auteclaved at 121° C. for 5 minutes. They 
were cooled and, after inoculation as outlined above, were incubated at 37° C. for 20 hours. 
The per cent transmittance of each tube was then determined in a Coleman Universal 
spectrophotometer against an uninoculated reagent blank at a wave length between 610 and 
623 mu. The precise wave length for a given assay was ascertained by determining the 
maximum per cent transmittance of the uninoculated blank for that assay. The per cent 
transmittance of each tube containing serum extract was converted to B,, concentration by 
reference to the standard curve run with each assay. 


TABLE I. RECOVERY EXPERIMENTS 


SERUM B,, CONCENTRATION MyG PER CENT 


B,,/ML. OF SERUM | MuG By ADDED B,, RECOVERED RECOVERY 


0.550 0.050 0.041 
0.550 0.100 0.100 
0.550 0.025 0.030 
0.550 0.050 0.051 
0.380 0.100 0.087 
0.380 0.050 0.049 
0.520 0.100 0.090 
0.520 0.050 0.055 
0.450 0.100 0.107 
0.450 0.050 0.045 
0.530 0.100 0.093 
0.530 0.050 0.052 ) 
Mean = 98.6% 


RESULTS 

The recoveries from 5 different sera containing various amounts ot added 
crystalline B,. are recorded in Table 1. 

Reproducibility at various B,, levels was tested by running the standard 
curve with 16* replicates at each of 9 B,. concentrations. As shown in Table 
II, the deviations about the mean per cent transmittance at each B,. eon- 
centration ranged from 2.7 to 10 per cent of the mean. As a further check 
on reproducibility, 16* replicate assays were performed on each of 9 different 
quantities of serum from a patient with an elevated B,. concentration. The 
deviations about the mean per cent transmittance for each quantity of serum 
ranged from 3.4 to 10.5 per cent of the mean. The deviations about the mean 
quantity of B,. in each tube ranged from 5.4 to 22.2 per cent of this mean 
(See Table II). The per cent values are the quotient times 100 of the standard 
deviation divided by the mean. 


DISCUSSION 
The Euglena gracilis method of Ross? has been used widely from the de- 
termination of serum vitamin B,. coneentrations. It has the advantages of 


*See Table II for exceptions. 


S.D. 10.83% 
3.13% 


862 MENDELSOHN AND WATKIN J. Lats, & Clin. Mod. 
being sensitive and specific. It has the disadvantage of requiring 8 to 10 days 
for incubation of the organism. In addition, although Ross has reported 
‘usually almost complete’’ recoveries, Pitney and associatest have found re- 
coveries in the range of 50 per cent. Harris’ has reported recoveries of 70 to 
90 per cent, although his method since has been modified.* 


TABLE II, RepropuciBitity EXPERIMENTS 


PER CENT TRANSMITTANCE 


Sg OF B,, VALUES ML. OF SERUM 
S. D. PER TUBE OBTAINED PER TUBE 
A. Standard Curve 
83.1 0.79* 0.000 
61.1 0.56 0.025 
46.9 0.67 0.050 
34.5 0.56 0.075 
25.5 0.37 0.100 
20.5 0.35 0.125 
17.1 0.34 0.150 
14.4 0.36 0.175 
12.9 0.25 0.200 
10.8 1.038 O.2St 0.225 
B. Serum 
SL.9 4.03 1.43* 0.002 0 
66.7 2.24 0.56 0.018 0.001 0.0016 
55.3 1.97 0.49 0.035 0.001 0.0082 
44.1 2.82 0.71 0.054 0.001 0.0048 
35.3 2.06 0.52 0.073 0.001 0.0064 
29.0 2.84 0.73% 0.092 0.002 0.0080 
23.8 2.32 0.58 0.110 0.002 0.0096 
20.2 1.78 0.45 0.127 0.0038 O.O11L2 
16.8 1.76 0.44 0.152 0.003 0.0128 
15.4 1.18 0.30 0.165 0.0038 0.0144 
*n 
14. 
tn 15. 


A. Reproducibility tested by running 16 replicate determinations at each of 9 Be concen- 
trations on the standard curve. The mean per cent transmittance is listed in column 1, the 
standard deviation in column 2, the standard error of the mean in column 3%, and the quantity 
of Bu in each tube in column 4. 


B. Reproducibility tested by running 16 replicate assays on each of 9 different quantities 
of serum from a patient with an elevated Be concentration. Columns 1 to 4, as above. The 
standard error of the mean Be value for each tube is listed in column 5 and the milliliter 
of serum per tube in column 6. 


The principal advantage of the L. leichmannii method is the 20-hour in- 
cubation time. The method is somewhat less specific than the EF. gracilis tech- 
nique. L. leichmannvi will respond with growth to the presence of desoxyriboses 
if purine bases are also present in the medium. However, 1,000 times as much 
desoxyribose as B,. is needed for growth.’ Henee, this factor is largely elimi- 
nated from serum by the dilution involved in the method. Although desoxyri- 
hose concentrations in serum have not been measured, the B,. recovery data 
presented here together with that of Rosenthal and Sarett> indicate that the 
L. leichmannii assay is sufficiently specific and quantitatively accurate for 
satisfactory determinations. Its convenience and rapidity compared to the 
FE. gracilis assay suggest it as the method of choice in assaying B,. concentra- 
tions in serum. 
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RESULTS OF SURVEY 
Vitamin B,. coneentrations were measured in the sera of 31 normal indi- 
viduals. The data are presented in Table III. 


TABLE III, 31 NORMAL SUBJECTS 


MEAN RANGE Sx 
(MyuG/ML. ) (MyG/ML. } (MuG/ML. ) (MypG/ML. ) 
0.533 0.260-0.850 0.166 0.030 


Vitamin B,. concentrations were measured by 109 determinations in the 
sera of 93 patients. Elevated levels were defined as those 2 standard deviations 
or more above the normal mean (i.e., greater than 0.865 myg/ml.). Of these 
109 determinations, 35 were elevated. These 35 elevated levels were found in 
23 patients with 12 different diseases. Twenty-four other patients (with 8 of 
these same 12 diseases) had normal B,. levels. In Table IV, the number of 
elevated and normal B,. levels for each disease entity characterized by an ele- 
vated serum B,. concentration is presented. 


TABLE LV, Data on Patients WHOSE DISEASES DEMONSTRATED ELEVATED SERUM B,. 
CONCENTRATIONS 


NUMBER | NUMBER 
PATIENTS | PATIENTS 
| NUMBER OF WITH | RANGE OF ELE- WITH 
TOTAL DETERMI ELEVATED | VATED LEVELS NORMAL 
DISEASE PATIENTS NATIONS LEVELS (MyuG/ML. ) LEVELS 
Chronie myelocytic 
leukemia : 11 1.2 -12.0 
Acute myelocytic 
leukemia 
Chronie lymphatie 
leukemia 
Malignant melanoma 
Carcinoma of cervix 
Carcinoma of sig 
moid colon 
Carcinoma of breast 
Hodgkin’s disease 
Adenocarcinoma, 
primary (?) 
Squamous carcinoma, 
primary (?) 
Cirrhosis 1 
Myeloid metaplasia l 


*In aleukemia phase of disease. 

tIn 2 of these 3, the marrow was read as acute monocytic r myelocytic leukemia: in 
the third, as Pelgeroid type of acute myelocytic leukemia. 

tPatient also has nephrotic syndrome. 

$Had received “B” vitamin injections. 


Of the 93 patients, 9 had serum B,, concentrations 2 or more standard 


deviations below the normal mean (i.e., less than 0.201 myg/ml.). Of this 


group, 2 were strict vegetarians and 1 each had mycosis fungoides, malignant 
carcinoid, and carcinoma of the kidney, lung, mouth, bladder, and tongue. 
The serum B,. concentrations ranged between 0.075 and 0.175 myug/ml. 
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Thirty-seven patients had serum B,, concentrations within 2 standard 
deviations of the normal mean. These included patients with acute lymphatic 
leukemia, 5; granuloma fungoides, 4; carcinoma of the mouth and of the 
testicle, 3 each; carcinoma of the bladder and of the esophagus, 2 each; ear- 
cinoma of the prostate, maxillary antrum, thyroid, stomach, endometrium and 
vulva, 1 each; and malignant carcinoid, lymphosarcoma, chondrosarcoma, mul- 
tiple myeloma, leukemoid reaction, eosinophilic granuloma of bone, psoriasis 
with rheumatoid arthritis, myxedema, diabetes with tuberculosis, anemia pos- 
sibly due to chronie myelocytie leukemia, ileal resection, and neuropathy of 
unknown etiology, 1 each. 

Elevated serum B,,. coneentrations have been reported in patients with 
myeloeytie leukemia,’ polyeythemia vera, carcinomatosis with leukemoid re- 
actions and myelosclerosis.*°. Among the leukemic patients in this study, 4 of 
5 with chronic myelocytic leukemia and 6 out of 9 with acute myelocytic leu- 
kemia were found to have elevated serum B,, levels. Only 1 of 3 patients with 
chronic lymphoeytie leukemia and none of 5 with acute lymphoeytie leukemia 
had elevated levels. The patient with chronie myelocytic leukemia whose 
level was normal was in the aleukemie phase of her disease. The patient with 
chronie lymphocytie leukemia whose level was elevated had the nephrotic 
syndrome apparently antedating his leukemia. 

Of the 12 nonleukemie patients with elevated serum B,. concentrations, 
10 had at least 1 abnormal liver function test. Autopsies on 8 of these patients 
revealed hepatic involvement, often extensive, in all. In Table V, the findings 
in these 12 patients are listed. The liver functions tabulated are those measured 
closest to the date on which blood for B,. determinations was drawn. 

These findings suggest a relation between hepatic metastases and serum 
B,, elevations. They are in accord with the findings of such elevations in some 
patients with cirrhosis of the liver® and acute hepatitis.'’ Since not all patients 


with hepatic metastases have elevated serum B,,. concentrations, if hepatie in- 
volvement is casually related to elevated serum B,. levels, the particular type 
of liver injury associated with the elevations remains to be discovered. 


SUMMARY 


1. A method for serum B,,. coneentration assay using L. leichmannii is 
deseribed in detail. Recovery and reproducibility data are presented. 

2. The serum B,. concentrations of 31 normals and 93 patients with neo- 
plastie disease and other conditions are reported. 

3. Most patients with myelocytic leukemia, acute and chronic, have elevated 
serum B,, levels. Only 1 of 3 patients with chronie lymphoeytie leukemia had 
an elevated level. 

4. Most patients with nonleukemie neoplastic disease have normal serum 
B,. concentrations. Those patients with elevated levels display a high ineidence 
of abnormal liver function tests and of gross hepatic metastases. 


We are indebted to Miss Helen Noble and Mrs. Virmetta Gilmore for their assistance 
in developing the assay method and conducting the survey. 
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THE EFFECT OF DIET UPON ACUTE HYDRALAZINE 
TOXICITY IN WHITE RATS 
SHERMAN M. M.D., Bruce KoniGsMarK, M.D., 
NoRMAN NaAmeErow, B.S., M.S., AND MARJORIE FRANKLAND, A.B. 
Los ANGELES, CALIF. 


YDRALAZINE, widely used in the treatment of hypertension, has also 
roused interest for an unrelated reason, i.e., its chronic administration 


has produced in a few patients and also in dogs a syndrome similar to or 


identical with systemie lupus erythematosus.’ It is conceivable that investi- 
gation of the metabolic effects of hydralazine will provide clues to the patho- 
genesis or treatment of lupus. Therefore, it seemed worth while to test the 
possibility that gross differences in diet, known to affect profoundly the body’s 
metabolism,” would alter the susceptibility of white rats to hydralazine poi- 
soning. 


METHOD 


Young female albino rats (Wistar strain) were divided into the following dietary 
groups: (1) Control (stock diet), (2) high protein, (5) high carbohydrate, and (4) high 
fat. The diets (Table 1) all contained adequate vitamins and minerals and have been 
found by Roberts and others to support normal growth and behavior.2-5 In the first ex- 


periment 50 control animals were used; 25 were emploved in each of the other 3 groups. 


TABLE TL.) PERCENTAGE OF TOTAL CALORIES SUPPLIED BY PRINCIPAL NUTRIENTS IN DIETS 
(EXPERIMENT 1) 
CARBOHYDRATE FAT PROTEIN 
DIET (PER CENT ) | ( PER CENT ) (PER CENT ) 
Control 58 33 
High protein Initial, 20; then Initial, 10; then Initial, 70; then 
31 to 25 19 to 15 50 to 60 
High carbo 
hydrate 83 2 
High fat 0 85 


In the second experiment the above groups were modified slightly to ensure identical 
protein content in the control, high-earbohydrate, and high-fat diets, and also to allow 
progressive adaptation of the high-protein animals to an increasingly higher protein intake 
(Table If). Thirty female Wistar rats were used in the high-protein and in the high- 
carbohydrate groups and 29 in each of the other two groups. The diets were composed of 
the following elements: dextrose for the carbohydrate, corn oil for the fat, and lactal- 
bumin for the protein. In addition, for each 10,000 calories supplied by these basie foods 
the following substances were given: 45 Gm. of vitamin B mixture (Lederplex), 30 drops 
of oleum percomorphum, 300 Gm, of bulk (Alphacel), and 120 Gm, of Osborne-Mendel salt- 
mineral mixture ‘*W.”’ 


From the Department of Medicine, University of California Medical School, Los Angeles, 
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Average weight of white rats fed control and experimental diets (Experiment 1). 
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ig. 2.-Average weight of white rats fed control and experimental diets (Experiment 2). 
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TABLE II. PERCENTAGE OF TOTAL CALORIES SUPPLIED BY PRINCIPAL NUTRIENTS IN DIETS 
(EXPERIMENT 2) 


CARBOHYDRATE | FAT PROTEIN 
DIET (PER CENT ) (PER CENT) (PER CENT) 
Control 43 42 
High protein 32 to 10 32 to 10 3: sO 
High carbohydrate 83 5) 
High fat 0 8! 


When the animals in the first experiment had been on their diets for 54 days and 
those in the second experiment for S82 days, all of the animals were given an aqueous 
hydralazine solution intraperitoneally, 40 mg, per kilogram. (This dose was found in 
preliminary experiments to be close to the LD, for intraperitoneal administration, and 
others had found the intravenous LD, in Wistar rats to be 34 mg. per kilogram.® 

In the third experiment 29 rats were given hydralazine, 40 mg. per kilogram intra- 
peritoneally, and 16 of them were given immediately thereafter approximately double an 
equimolar dose of pyridoxine hydrochloride by the same route. The remaining 13 animals 
were given normal saline intraperitoneally, the volume of saline equaling the volume of 
pyridoxine HCl solution that would have been given on the twice-equimolar basis. 

In the fourth experiment 10 rats were fed the diets used in the second experiment. 
Four were given the control diet, and 2 were given each of the other 3 diets. After 22 
days, status epilepticus was induced in two of the control rats by injecting 80 mg. per 
kilogram of hydralazine intraperitoneally, and then all 10 of the animals were killed with 
inhalation ether. The brains of these animals were removed immediately after death and 
emulsified separately in a Potter-Elvehjem tissue grinder. The homogenate was brought 
to a volume of 20 ml. with 75 per cent alcohol. The filtrate was removed by centrifugation 
and evaporated to a constant volume of 10 ml, A 2 ml. aliquot was diluted with an equal 
amount of 75 per cent aleohol. Aliquots containing 0.05 ml. were used for two-dimensional! 
paper chromatography. Butyl aleohol and phenol were used as solvents, and ninhydrin for 
color development.7. 


RESULTS 

All of the animals in the first experiment gained weight satisfactorily and 
at approximately the same rate except for those eating the high-protein diet 
(Fig. 1). The initial high-protein diet caused bloody diarrhea and weight loss, 
but diarrhea promptly disappearad with a lower and gradually increased pro- 
tein ration, and subsequent weights were close to normal (Table I and Fig. 1). 
In the second experiment the rats in Group 2 were fed a moderate protein 
diet at the beginning, and with gradual augmentation of the protein intake 
the growth of these animals kept pace with the growth of the others (Fig. 2). 


All animals in the second experiment appeared vigorous and healthy. It 


seemed that the high-carbohydrate animals were naturally more active than 
the others, but no accurate measurements of activity were made. 

After injections of the hydralazine most of the animals first became hy- 
peractive and bold, but after 5 to 20 minutes they were drowsy, inactive, and 
somewhat ataxic. After an hour or more some of the animals developed 
involuntary twitching and eventually violent generalized convulsions. Very 
few animals that onee convulsed ultimately survived. Most of them perished 
within 2 to 24 hours, with agonal tetanie respiratory arrest. Survival in the 
first two experiments is summarized in Tables IIL and IV. No evidenee was 
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obtained for an effeet of the high-protein diet upon the mortality, but the 
high-carbohydrate diets increased the death rate, while the high-fat diets were 
protective. 


TaBLE IIT. Errror or Dier Upon Survival or Wuire Rats Given 40 MG/Ka. oF 


HYDRALAZINE INTRAPERITONEALLY 


DIET NO, ANIMALS NO. SURVIVORS 


Control 50 23 

High protein 25 iT) 1.00 Approx. 0.30 
High carbohydrate 25 l 17.7 <€ 0.01 
High fat 25 17 4.8 Between 0.0] 


and 002 


*Chi Square (x*) assumes no difference between control and experimental groups (Experi- 
ment 1). 


TaBLe [V. Errectr or Dier Upon Survivan or Waite Rats Given 40 MG./Ka. oF 


HYDRALAZINE INTRAPERITONEALLY 


DIET NO, ANIMALS SURVIVORS x2* P 
Control 2g 

High protein 30 5 1.50 >0.2 
High carbohydrate 30 2 5.68 < 0.02 
High fat 29 42.2 ~0.01 


*Chi Square (x?) assumes no difference between control and experimental groups (Experi- 


2). 


ment 


TABLE V. 


Errect OF INTRAPERITONEAL PYRIDOXINE 
GIVEN 40 MG./KG. or Hy 


UPON THE SURVIVAL OF 
DRALAZINE (EXPERIMENT 3 


WHITE 


RATS 


NO. OF RATS 


DOSE OF PYRIDOXINE NO. OF SURVIVORS x: P 


16 80 mg./Kg. 7 0.16 Approx. 0.90 
13 0 5 


Pyridoxine did not protect the rats from hydralazine poisoning (Table V 

Chromatographie estimation of the amino acids in brain tissue was very 
similar in all animals tested. In the two control animals killed with inhalation 
ether, the following free amino acids (listed in order of relative concentration ) 
were identified: glutamic acid, glutamine (a dipeptide), y-aminobutyrie acid, 
serine, glycine, aspartic acid, cystine (as eysteic acid), a-alanine, threonine, an 
unknown spot below serine and glycine, leucine, and lysine. No significant 
change was noticed in the animals killed after hydralazine injection. A few 
differences, of questionable significance, were noted in the other animals. By 
visual observation no difference in the concentration of the amino acid spots 
was noted between the control and high-fat animals. As compared with the 
controls, an increase in the serine spot and a decrease in the glycine spot were 


observed for the high-protein and high-carbohydrate groups. 


DISCUSSION 


Under the conditions of these experiments, a high-carbohydrate diet low- 
ers and a high-fat diet raises the resistance of white rats to acute hydralazine 
intoxication. Whether the altered resistance is a nonspecific one, tending to 
potentiate or prevent convulsions, for example, or whether various diets spe- 
cifically antagonize hydralazine poisoning to different degrees remains to be 
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seen. While a high-fat diet might inhibit convulsions, through ketosis, there 
is no reason to believe that a high-carbohydrate diet should do the converse. 
For short periods of time carbohydrate feeding promotes water retention and 
fats induce diuresis, changes that affect susceptibility to seizures, but water 
balanee is restored in a matter of days.” 

The convulsant property of thiosemicarbazide has been found to reside 
in its antagonism of pyridoxal phosphate, which is essential to the intracere- 
bral transamination that produces y-aminobutyric acid; the latter is probably 
an inhibitor of synaptic transmission in the brain.’ 

The third experiment reported here suggests that pyridoxine antagonism 
is not essential to the convulsant property of hydralazine. The fourth experi- 
ment establishes the fact that under the conditions of these experiments hy- 
dralazine does not depress the cerebral manufacture of y-aminobutyrie acid. 
Pyridoxine deficiency is certainly produced by several hydrazides,’* and these 
acute experiments do not imply that hydralazine poisoning is not accompanied 
by pryidoxine loss or inhibition. The experiments do show that hydralazine 
is capable of producing convulsions despite a plethora of pyridoxine and 
without depressing the cerebral concentration of y-aminobutyrie aeid. 

Hyvdrazides are hydrolyzed in vivo to form hydrazines, which are highly 
toxic convulsants.'’ One can only guess the manner in which diet affects the 
poisoning, nor can one by any means predict that the dietary effects observed 
in acute hydralazine intoxication would be seen with chronic administration 
of smaller doses. It might be profitable, however, to explore the problem fur- 
ther. The well-known liability of systemie lupus erythematosus to prolonged 
exacerbations'' could be explained by a relative enzyme deficiency, one that 


happens also to be encouraged by hydralazine. If so, purposeful eseape from 


the handieaps of a specifie enzyme deficiency remains a possibility, and hy- 
dralazine poisoning might be one means of searching for the escape. 


SUMMARY 


A high-earbohydrate diet increased and a high-fat diet decreased the sus- 
ceptibility of white rats to aeute hydralazine poisoning. Pyridoxine adminis 
tration was not protective, and neither the diets nor the drug itself changed the 
cerebral concentration of y-aminobutyrie acid. 


We are indebted to the Borden Company for their liberal donation of lactalbumin 
(Labeo), to Ciba Pharmaceutical Products, Inc., for a generous suppiy of hydralazine (Apres- 
oline), and to Lederle Laboratories Division, American Cyanamid Co., for Lederplex. 
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RELIABILITY OF ANTIBIOTIC SENSITIVITY TESTS AS 
DETERMINED BY A SURVEY STUDY 
Ropert V. HorrmMan, Jr., M.D., GEORGE GEE JACKSON, M.D., AND 
Mary P. TurRNER, M.S. 
CHicaco, 


UTHORITIES in the field of infectious diseases agree that clinieal diag- 
A nosis and identification of the causative organism are important criteria 
in the selection of the proper therapeutic agents for bacterial infections.’ 
Opinions differ as to the relative importance of testing the antibiotic sensi- 
tivity of bacterial strains for this purpose. Investigators who have been 
critical of antibiotic sensitivity tests have stressed the difference between the 
in vitro conditions of the tests and the environment in which the antibiotic 
must act in vivo.* * Variations in the results of antibiotic sensitivity tests also 
are eaused by differences in methodology and the general use of a_bacteri- 
ostatic rather than a bactericidal end point. 

The routine use of antibiotic sensitivity tests has been especially criticized 
as unnecessary. The range of sensitivity for many of the bacterial genera to 
various antibiotics has been established and is within narrow limits. Also the 
pharmacologic nature of some antibiotics imposes narrow therapeutic limits. 
In many instances the clinical situation requires the initiation of treatment 
before laboratory results are available. 


Despite these criticisms and inadequacies, routine antibiotie sensitivity 


testing has become a practice of many physicians. This increased load of tests 
has required quick and easy methodology. In the bacteriology laboratories of 
most hospitals commercial antibiotic disks are used. The results of these 
tests influence patient care and collectively they form a frame of referenee by 
which physicians judge the applicability of antibiotics for clinical use. It 
seemed appropriate, therefore, to examine the validity of the tests for deter- 
mining antibiotic sensitivity in routine use. In the present study the reliability 
of such tests was investigated by a survey of results obtained with standard 


bacterial strains in 9 major teaching hospitals in Chicago. 


MATERIALS AND METHODS 


Bacterial Strains.—ldentieal subcultures of 5 strains each of 5 different genera of 
bacteria were distributed to the clinical bacteriology laboratories of 9 Chicago hospitals 
for antibiotic sensitivity tests according to their routine procedure. Five to ten antibioties 
were tested against each strain. The species of bacteria distributed were Micrococcus 


yyogencs var. Qureus (coagulase-positive), Esch. coli, Aerobactcer aerogenes, Proteus mirabilis 


From the Departments of Pathology and Medicine, University of Illinois College of Medi- 
cine, Chicago, Il 
Received for publication Sept. 18, 1957. 
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ANTIBIOTIC SENSITIVITY TESTS 875 
Proteus vulgaris, and Pseudomonas aeruginosa, The strains were selected to obtain variable 
antibiotic sensitivities, Personal delivery of the cultures to each of the 9 laboratories 
insured the quick receipt of the specimens, encouraged prompt testing, and permitted first- 
hand knowledge of subtle variations in methodology in the individual laboratories. 

Before distributing the organisms the sensitivity of each strain for various antibioties 
was determined using two modifications of the serial twofold tube dilution method.5 In 
one, a heavy bacterial inoculum (1:100 dilution of an 18-hour culture) was added to the test 
dilution of antibiotic; in the other, a light inoculum (1:10,000 dilution) was used, The 
minimal inhibitory concentration (M.I.C.) was determined by the absence of gross visual 
turbidity following incubation for 18 hours. Within 2 weeks after distribution of the or- 
ganisms, they were collected from the individual laboratories, and the antibiotic sensitivities 
of many of the strains were repeated by the tube dilution method. 

To avoid confusion caused by different systems of reporting the results of disk tests, 
the data were translated into one of four categories: sensitive, moderately sensitive, 
moderately resistant, or resistant. Four similar categories were established for the M.LC. 
in the tube dilution tests as follows: 0-1, > 1-10, > 10-32, and > 32 pg/ml. In the com- 
parison of the results by disk and tube dilution methods, only major discrepancies were 
considered different. Variations of plus or minus one category, a difference of about eight- 
fold, were disregarded. Thus, the results of the two methods were considered incongruous 
only if a strain was found sensitive by a disk test and was not inhibited by 10 gg/ml. of 
antibiotic in broth, or moderately sensitive and not inhibited by 32 pg/ml, Also, con- 
versely, if a strain was reported resistant by a disk test but inhibited by less than 10 
ug/ml. of antibiotic or was moderately resistant and inhibited by less than 1.0 gg/ml, in 
the tube dilution test, the results were considered different, 


RESULTS 

Many differences were noted in the methods of disk sensitivity tests used 
routinely by the 9 hospital bacteriology laboratories. The details are shown in 
Table I. The strength and age of the inoculum varied markedly. Five different 
kinds of media, variable incubation periods, and 1 to 3 disks with different con- 
centrations of the antibiotic were used. The latter were commercial disks which 
were manufactured by 4 different concerns. Five laboratories observed only the 
presence or absence of a zone of inhibited bacterial growth; 3 laboratories 
measured the size of these zones. Some bacteriologists looked carefully for a 
single resistant colony within the zone of inhibition, or for a thin film of 
spreading proteus; such findings were interpreted as bacterial resistance, while 
others ignored these findings and read the same results as indicative of bae- 
terial sensitivity. Three laboratories reported their results objectively for 
interpretation by the clinician, but 5 laboratories interpreted their results in 
qualitative statements about the probable effectiveness of an antibiotic against 
the organism. The interpretations were based on directions supplied by the 
manufacturers of the disks, experience compiled by the laboratory directors, or 
data from the medical literature. 


The frequency distribution of the results of sensitivity tests upon 25 
standard strains with regard to 5 antibiotics is given in Table II. The mini- 
mal inhibitory concentrations determined in the tube dilution test with a heavy 
bacterial inoculum were usually one or two serial twofold dilutions greater 
than if a light inoculum was used. With the former the strains were inhibited 
by less than 10 wg per milliliter in 25 per cent of the tests. If a light inocu- 
lum was used this concentration was inhibitory in 53 per cent of the tests. 
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One hundred and thirty-six tube dilution sensitivity tests were repeated 
on the original cultures that were returned from the hospital laboratories. 
The results of 115 tests or 85> per cent, agreed within one twofold dilution of 
the original determination and 131 agreed within two serial dilutions. Thus, 
less than 4+ per cent of the results of tube dilution tests performed at diverse 
times upon various bacterial species with several antibioties varied more than 
fourfold. By the eriteria of difference subsequently applied in the compari- 
son of the disk and tube dilution methods, these results represent 100° per 
cent reproducibility. 


TABLE IL. ANTIBIOTIC SENSITIVITY OF THE STANDARD TEST STRAINS DETERMINED BY 
MopIFICATIONS OF THE TUBE DILUTION METHOD 


PERK CENT OF STRAINS 
M.LC. HEAVY INOCULUM LIGHT INOCULI 


» 10-32 pg/ml. 
> 1-10 pe /mi. 
O-L pe/ml. 


*Minimal inhibitory concentration. 


TABLE III. CoMPaArRISON OF DISK AND TUBE DILUTION ANTIBIOTIC SENSITIVITY TEST RESULTS 


MINIMUM INHIBITORY CONCENTRATION BY TUBE DILUTION TEST 
DISK TEST 0-1 > 1-10 wG/ML. > 10-32 BG ML. 32 
RESULTS PER CENT NO. PER CENT NO. PER CENT PER CENT 
Leavy Inoculum in Tube Dilution Test 
Resistant 0 21 
Moderately resistant 0 21 
Moderately sensitive é 6 34 
Sensitive 77 S6 
Totals 100 162 
. Light Inoculum in Tube Dilution Test 
Resistant 
Moderately resistant 
Moderately sensitive 


5 
Sensitive y 4 


Totals 5 36: 100 199 100 262 100 


‘4 comparison of the survey results of the disk tests reported by the hospi- 
tal bacteriology laboratories with those obtained by the tube dilution tests 
for the same strains and antibioties is presented in Table IIL. The disk tests 
tended to show the strains to be more sensitive than the results of the tube 
tests with the heavy inoculum. Twenty per cent of the disks tests were re- 
ported as showing the strains to be sensitive or moderately sensitive when the 
minimal inhibitory concentration by tube dilution was greater than 32 pg per 
milliliter; one-half of the disk tests were similarly reported when the M.LC. 
in the tube dilution test was greater than 10 pg per milliliter. These discrep- 
ancies were less marked when the disk results were compared with tube dilu- 
tion tests in which a light inoculum was used. By this standard, however, 6 
per cent of the disk tests indicated that the strains were resistant or moder- 
ately resistant when the M.L.C, was less than 1.0 ng per milliliter. 
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In Table IV the data are arranged to indicate the frequency distribution 
of different minimal inhibitory concentrations related to each category of re- 
sults by the disk test. The heavily inoculated tube dilution test was the stand- 
ard of reference. Strains reported as sensitive by the disk test corresponded 
to an M.LC. of less than 1 ag per milliliter in 50 per cent and less than 10 
pg per milliliter in 78 per cent of the observations. On the other hand, 22 
per cent of the disk tests that reported the strains as sensitive were instances 
in which the M.L.C. was greater than 10 pg per milliliter. This was true for 
o} per cent of the strains reported as moderately sensitive. At the other end 
of the seale, disk tests that reported the strains as resistant included 11 per 
cent in which the M.L.C. was less than 10 »g per milliliter. 


TABLE IV. FREQUENCY DISTRIBUTION OF THE RESULTS OF DISK ANTIBIOTIC SENSITIVITY TESTS 
IN RELATION TO THE INHIBITORY CONCENTRATION BY TUBE DILUTION 
M.1.C. OF TUBE PER CENT OF STRAINS# 
DILUTION TESTS SENSITIVE MOD. SENSITIVE MOD. RESISTANT RESISTANT 


> 32 pg/ml. 17 29 60 
> 10-32 pg/ml. 36 40) 29 
> 1-10 2 37 31 11 

0-1 mil. 5 Ww 0 


Totals 100 100 100 


*Tube test with heavy inoculum. 
+The number of strains in the various tube dilution categories in the original data has 


been corrected bringing them to a common denominator in each category. 

Fig. | shows significant variations in the survey results of disk tests with 
the same organisms and antibiotics by different hospital laboratories. The 
results obtained by the tube dilution methods are again used as reference 
standards for comparison. Major differences in the results reported by any 
two individual laboratories were observed in as many as 25 per cent of the 
tests. 


Fig. 2 illustrates the relationships of the individual antibiotics to major 


discrepancies between the two types of tests. The frequeney distributions of 
the survey results by disk tests are shown for each category of sensitivity in 
the tube dilution test for each antibiotic. In the case of chloramphenicol and 
streptomycin the major discrepancies almost always showed the strain to be 
more sensitive by the disk test than by tube dilution. With polymyxin B the 
results of the disk test tended to indicate more resistant strains. With the 
tetracyelines major discrepancies were observed in both directions especially 
with strains of intermediate sensitivity with the strongest trend toward 
‘*false’’ resistance. Very few tests were done with strains of intermediate 
sensitivity to erythromycin or penicillin, and from these data it is difficult to 
evaluate the reliability of sensitivity tests with those two antibiotics. 


Fig. 3 demonstrates major discrepancies in the results of disk and tube 


dilution antibiotic sensitivity tests as they were related to individual species 


of bacteria, The magnitude and direction of these discrepancies varied. The 
percentage of disk tests that showed the species to be more sensitive than by 


tube test was greatest for Esch. coli, 29 per cent, and least for Ps. aeruginosa, 


methods, 


MIC. tube 
Dil. test 


»32mcq/mi 


10-32 meq/mi 


>1-10 meq /mi 


O-! meq/mi 


48 


Sens. 


Chloramphenicol 


Mod 


(tube test) 
® 20- Light 
(tube test) 
“3 
= 6 Point of ref. 
< ube test result 
a 
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o 
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= 
30 + | 3 4 5 6 ¥ 8 
Hospital number 
Fig. 1.—Major discrepancies among 8 different hospital laboratories in the results of 
disk tests for antibiotic sensitivity. Two modifications of the tube dilution method are used 
as a point of reference which shows the relative results obtained by the disk and tube 
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12 per cent, and M. pyogenes var. aureus, 15 per cent. Ps. aeruginosa and 
1. aerogenes were the only species in which some strains appeared significantly 
more resistant by disk test than by tube dilution, 


307 (BEB Heavy inoculum (tube test) 


C——] Light inoculum (tube test) 


More sensitive 


Point of ref. 


Micrococcus Proteus 
Escherechia 
coli 


Pyogenes-Oureus 


Percent of disc tests 


More resistant 


20 - 


Pseudomonas 
= aeruginosa Aerobacter 
aerogenes 


Major discrepancies in the results of disk and tube antibiotic sensitivity tests for 
different bacterial species 


DISCUSSION 

Numerous reports in the medical literature’! and our own experience in- 
dicate that many physicians are greatly influenced by the results of commercial 
disk antibiotic sensitivity tests in their choice of antibiotics for the treatment of 
patients with bacterial infeetions. Jackson,’ Gould,’*? Branch,'* and 
and their respective co-workers, as well as others have demonstrated that the 
results of antibiotic sensitivity tests are affected by many factors, including: 
inoculum size; age of culture; pH, composition, thickness, and hydration of 
the media; incubation time; and the kind of commercial disks. Weleh'® has pub- 
lished an editorial regarding the demonstration by Cooper’ and other investi- 
gators" that various antibiotics diffuse at different rates into agar media. There- 
fore, the size of the zone of inhibition cannot be used as a valid comparison of 
the relative effectiveness of various antibiotics. 

The present survey supports the lack of standardization of methods in 
routine use to test the antibiotic sensitivity of bacterial strains’* '’ and shows 
the variability in the results reported from different laboratories. Even the 
interpretation of the observed results of disk tests is not uniform. As re- 
ported by Branch and associates”’ different investigators do not agree on which 
disk concentration should be considered as “sensitive.” Thus, any interpreta- 
tion of a disk test result is an opinion rather than an established fact. It is 
obvious that the sensitivity value is absolute only for a well-defined environ- 
ment and bacterial population. 
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Although the ideal control of infection in patients is the goal of these 
tests, the variability and complexity of clinieal infections and pharmacologic 
factors in their treatment make it very difficult to use clinical data as con- 
vincing evidence of the reliability of disk tests for antibiotic sensitivity. For 
example, Broom and Martineau®! reported good correlation between the re- 
sults of disk tests and the results of treatment with various antibiotics, but 
their patients also received sulfadiazine. 

In the present discussion the results of tube dilution tests were used as a 
standard of reference for the comparison of data obtained in the survey of indi- 
vidual laboratories. In the tube dilution method a defined concentration of an 
antibiotic and medium are used in which to measure the antibiotic effect. The 
use of a heavy bacterial inoculum in such a test is believed to most nearly repre- 
sent the conditions of clinical infection and, therefore, the most reliable in vitro 
test. To broaden the basis for comparison, however, a second tube dilution test 
with a light inoculum was used. The results of repeated tube dilution tests which 
agreed within fourfold in 96 per cent of the tests represents the best agreement 
that could have been expected in the survey. This is less accurate than the results 
of repeated tube dilution tests reported by some investigators under different con- 
ditions.* ** Nevertheless, the foregoing differences are negligible within the 
general categories established for this analysis. 

The criteria for establishing a difference between the results of a quali- 
tative disk test and a quantitative tube dilution test were necessarily very 
lenient; still, major discrepancies occurred in 20 per cent of the tests. These 
data suggest that disk tests generally err toward indieating increased sensi- 
tivity as compared to a tube dilution test with a heavy bacterial inoculum. 
The results with disk tests more nearly resemble those obtained in a tube dilu- 
tion test with a light inoculum, although by this standard 17 per cent of the 
tests showed major discrepancies. Either type of test might make a strain ap- 
pear more or less sensitive than the other as the factors in the methods of each 
test are varied. The disk test may err toward showing increased sensitivity 
and this appears to be the case for certain antibiotics in the concentrations 
now used in commercial disks. Other agents improperly appear less effective 
on a unit basis than should be the case. Freedom from this need for prede- 
termined equation of drug concentrations is another recommendation for the 
tube dilution method. 

Comparisons of the results of disk tests reported from the individual hos- 
pital laboratories, for various antibioties, and for different species of bacteria 
indicated a significant degree of nonuniformity. The significant variation 
between different hospitals was anticipated because of the variation in 
methods. Among the individual antibioties, the relatively large number of 
unduly sensitive results of disk tests with chloramphenicol and streptomycin 
was probably a reflection of the rapid diffusion and the bacteriostatic nature 
of the former and the marked variation in the sensitivity of individual clones 
to the latter. If the presence of one or two colonies within the zone of inhibi- 
tion around a streptomycin disk was interpreted as a manifestation of re- 
sistance, the results approximated those obtained by tube dilution. Disk 
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tests with the tetracycline analogues and polymyxin B suggest “false” re- 
sistance in some tests; this was probably related to the rates of diffusion and 
deterioration of these drugs.“”) Among the individual bacterial species the per 
cent of strains of Esch. coli reported as more sensitive by disk than tube test 
was nearly double that of M. pyogenes var. aureus, while strains of Ps. aeru- 
ginosa sometimes appeared unduly resistant. The latter discrepancy was 
caused in part by two laboratories that reported 4 strains of Ps. aeruginosa 
resistant to polymyxin B. They were inhibited by a low concentration in the 
tube test, and to the best of our knowledge all strains of Ps. aeruginosa are 
sensitive to polymyxin B under these conditions. This antiboitic diffuses poorly 
into agar and may not give a good zone of inhibition with the disk test. 

Collectively the data support the opinion expressed by Long*! that a single 
in vitro disk test for antibiotic sensitivity is no more reliable than an edueated 
guess. Results that show sensitivity of the strain should not be too readily ac- 
cepted, particularly if they contradict the established values of antibiotic 
sensitivity for various species recorded in the literature. The results of disk 
sensitivity tests may be useful in screening species of bacteria that show wide 
variation in the antibiotic sensitivity of individual strains. Their reliability as 
an in vitro test to predict an in vivo effeet is doubtful when the results vary 
so significantly with variations in the method of study. 


SUMMARY AND CONCLUSIONS 


A survey study of commercial disk antibiotic sensitivity test methods in 9 
major teaching hospitals in Chieago has demonstrated that a wide variety of 
modifications of this method are in routine use. Signifieant variations were ob- 
served in the results of disk sensitivity tests of the same organisms and anti- 
bioties by different hospital bacteriology laboratories. Comparison of the results 
by a tube dilution test with those reported by the survey disk tests suggested 
that the results of the latter generally tended to indicate greater sensitivity of 


the strains. This was more often true with chloramphenicol and streptomycin 


than with polymyxin B and the tetraeveline analogues which sometimes showed 
the contrary effect. Discrepancies between the results of disk and tube tests also 
occurred in relation to different genera of bacteria. Over-all, major diserep- 
ancies between the disk and tube dilution methods were observed in 20 per cent 
of the tests. Within the limits used here for comparison the tube dilution test 
was uniformly reproducible. These findings demonstrated the difficulty in the 
standardization and control of disk antibiotic sensitivity test methods. The 
results show that there are doubtful benefits from the routine use of disk sensi- 
tivity tests, and indicate the need for caution in the interpretation of the results 
with regard to therapeutic measures. Antibiotic sensitivity tests are still con- 
sidered less important criteria for the selection of a proper antibiotie for the 
treatment of bacterial infections than the elinieal diagnosis, isolation of the eaus- 
ative organisms, and knowledge of the properties of specific antibioties. 
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THE SEROLOGY OF MUMPS INFECTIONS 
I. A New Source oF ANTIGEN AND A SIMPLIFIED COMPLEMENT FIXATION TEST 
S. FaAzeKaAs bE St. Grotu, M.D., Dorts M. Granam, M.Sc., ano IT. Jack, M.Sc. 
CANBERRA, AUSTRALIA 


HEN a diagnostic laboratory is called upon to perform both screening 

tests and quantitative titrations at a moment’s notice, and the number 
and frequeney of such requests is unpredictable, it is soon realized how waste- 
ful of materials and time the orthodox serologic methods ean be. With an 
improvement of these in mind, we started a systematic study into the produc- 
tion and storage of the necessary reagents, and their most satisfactory use. 
The techniques to be deseribed have now been in use for over 5 years, and 
should prove particularly suited for laboratories with no access to reagents 
produced on a commercial seale, and which lack expensive physical equipment 
for the purification of proteins. 

The present paper reports on the complement fixation test with the small 
(or “soluble.” nonhemagglutinating) antigen, a method found best for the 
recognition of mumps virus infections of diverse clinical appearance. A new, 
rich souree of this antigen will be described, as well as a technique which, 
although of sufficient accuracy, does not involve tedious daily standardization 
of reagents, the bugbear of complement fixation tests. 


MATERIALS 


Calcium-magnesium saline was prepared by dissolving 8.50 Gm. NaCl, 0.028 Gm. CaCl, 
and 0.079 Gm. MgCl, in 1,000 ml. of 0.02 M borate buffer at pH 7.2 


sterilized by autoclaving at 120° C, for 20 minutes. Gelatine saline, used as diluent in 


The solution was 


infectivity tests, contained 5.0 Gm. pure gelatine in 1 L. of calcium-magnesium saline. 


Red blood cells from fowls, sheep, or humans were collected in Alsever’s solution, washed 


3 times by spinning through about 10 volumes of saline, packed, and stored at 2° C, 


Vumps virus was grown from stocks of glycerolated seed (30 per cent glycerol v/v) 
kept at -20° CC. Usually 0.1 ml. of a 10-8 dilution in gelatine saline was inoculated amnioti 
cally into a group of 9-day embryos. The amniotic fluids were harvested aseptically after 
5 days’ incubation at 26° C., and stored either at 2° C, for shorter periods of time, or 
ampouled, snap-frozen, and kept at —70° ©, 

The Enders strain, the prototype of mumps virus, was used in most experiments. 
Our subculture has been passed repeatedly in eggs, and grew equally well in the amnion 
and allantois. The other strain, 3DB, was isolated in 1952 at the Royal Children’s Hospital, 
Melbourne, from the saliva of a child admitted with aseptic meningitis, This virus had 
been through two amniotic and one allantoic passage, but showed only patehy growth in 
the latter system, 
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Antisera collected from patients convalescent after mumps parotitis or meningitis were 
stored in the frozen state (—10 or —20° C,), without any preservative. 


The technique of complement fixing and hemagglutinin tests followed closely the 
description of Henle, Henle, and Harris! in the earlier parts of this study; the methods 
developed later are given in full in the concluding section of this paper. 


METHODS 


Preparation of Antigen—From the fundamental work of Henle, Henle, 
and Harris’ it was known that most of the small (S) antigen stayed in the 
tissues infected by mumps virus, while the infective particles were found 
predominantly in the extraembryonic fluids. No elear indication was given 
however, which of the possible sources was the richest, what the optimal in- 
fective dose was, and at what age of incubation were the eggs most suitable 
for the production of S antigen. Also, it seemed possible that other routes of 
inoculation, or other tissues besides the allantoic and amniotie membranes might 
vive better results. 


Route of Inoculation.—In a sighting experiment, groups of ten 9-day eggs 
were inoculated with approximately 10° ID,, of mumps virus (Enders strain ) 
into the allantoic cavity, amniotic cavity, yolk sac, or onto the chorion. After 
6 days’ incubation the allantoic and amniotie fluids, the chorioallantoie and 
amniotic membranes, the yolk sae, the embryo and, separately, the embryonic 
lungs* were harvested from each egg. Equal amounts of the 10 replicate 
samples were pooled, and the tissues were ground with alundum, made up to 
a 20 per cent suspension (wet weight) in saline, and spun at about 1,500 ¢ for 
®* minutes. The extraembryonic fluids and the supernatants of ground tissues 
were tnen tested for hemagglutinin content. The titers obtained give a meas- 
ure of the V antigen present, and appear under this symbol in Table I. Then, 
to remove the bulk of virus which might interfere in the complement fixation 
test for the S antigen, an aliquot of each pool was absorbed with human red 
blood cells. One-tenth, by volume, of packed red cells was added to the chilled 
fluids; the mixtures were well shaken and left at 4° C. for 30 minutes. The 
cells were then spun down, and the procedure repeated on the supernatant. 
The efficiency of absorption was checked in a second hemagglutinin test. As 
will be seen from the titers after absorption (figures in parentheses in Table 
1), the method was not invariably suecesstul. Whereas in 4 samples 90 per 
cent or more of the hemagglutinin could be removed, in one about a sixth and 
in another about a half was left behind. These latter pools of allantoic fluid 
were murkier than the rest, due to some contamination with yolk. Since how- 
ever, the residual virus did not interfere in the complement fixation tests, the 
matter was not followed further, 


In testing for the S antigen one hour at 37° C. was allowed for fixation of 


complement, using a human convalescent serum. This serum showed high titers 


*The method found simplest is as follows: The embryo is laid, back up, on a pad of 
moist cotton wool, and held down by grasping the skin between the shoulder blades with a 
pair of small surgical forceps The spine is cut through at the level of the first thoracic 
segment, and the cut is widened by running through the ribs at an angle of about 45°, on 
each side. Directly under this triangular flap lie the lungs; in most cases they can be lifted 
out without severing the mediastinal structures. 
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against both the S and V antigens, and thus its use could be questioned on ac- 
count of its double specificity. This theoretical objection was not supported 
by the results: the 3 fluids with some residual hemagglutinin after adsorption 
gave complete lysis even at the lowest dilution tested (1:2). This finding is 
in line with the original observations of Henle and associates! who obtained 
no complete fixation of complement with the V antigen if a high-titer allantoic 
fluid was diluted beyond 1:6. On these grounds the titers in our complement 
fixation tests are regarded as specific for the S antigen. 


TABLE I. The or S ANTIGENS AFTER INOCULATION oF 9-Day CHICK EMBRYOS 
BY DirreRENT Roures With 10% of Mumps Virus 


ROUTE OF INOCULATION 

SPECIMEN ALLANTOIS AMNION CHORION YOLK SAC 

TESTED* S Vv V S Vv Ss 
Allantoie fluid 150 (20)+ 110 (-) 160 | 65 (30) 
Amniotie fluid 50 (5) 120 
Chorioallantois - 16 
Amnion 32 
Yolk sac 20 


(Ac at 1:8) 
Lungs 40 
Embryo not tested 
Minus sign (-) = <5 in hemagglutinin tests, and <2 in complement fixation tests. 
Ae anticomplementary 


*The titers refer to undiluted fluids or to the supernatants of 20 per cent tissue suspen- 


sions. 


+The figures in parentheses are the titers after absorption with human erythrocytes. 
The important finding emerging from this experiment is the high yield 
of S antigen from the embryonic lungs after amniotic inoculation of virus. 
They contained more S antigen than any other tissue, the only comparable 
source being the amniotic membrane. Indeed, these two represented more 


than three-fourths of the output of the eggs after inoculation by the two routes 
which ensured their infection. 


Although inoculation into the yolk sae is technically the simplest, 7 out 
of 10 eggs receiving mumps virus by this route died within 3 days. As a 
similar rate of mortality was observed in another test, this route was not used 
in later experiments, especially since the yields after amniotic infection were 
equally high and unaccompanied by the death of the embryo. 


Age of the Embryo and Length of Incubation Following up this lead, a 
set of factorial experiments was designed paying special attention to the 
antigen content of the lungs. Since, unlike the extraembryonic membranes, 
the lungs show progressive development right up to the time of hatching, it 
seemed likely that in older eggs the larger mass of lung tissue would contain 
more S antigen. Thus groups of 20 eggs were inoculated by the amniotie route 
at the age of 10, 11, 12, 13, and 14 days, respectively. They received 10'* ID, 
of the Enders strain in a volume of 0.10 ml. Five eggs of each group were 
taken down after 4, 5, 6, or 7 days of ineubation at 55° C., and the amniotic 
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fluids and lungs of each embryo harvested. The lungs were ground, made 
up to a 20 per cent suspension, and spun at low speed. The supernatants of 
the lungs as well as the amniotic fluids were titrated individually for hemag- 
glutinin, and then absorbed with two changes of 10 per cent human red blood 
cells. After absorption the fluids were tested for S antigen by complement 
fixation. The results, in the form of subgroup averages referring to 5 eggs 
each, are given in Table II. 


TABLE IT, Tue Errect or AGE AND LENGTH OF INCUBATION ON THE YIELD OF VO AND S 


ANTIGENS AFTER AMNIOTIC INOCULATION OF 101.5 OF MUMPsS VIRUS 


TITER OF: 
AGE OF EMBRYO AMNIOTIC FLUID LUNGS 
AT INOCULATION AT HARVEST Vt S} Vt S} 


10 19 1 4 | 
79 l 3 
1S] 4 
97 26 


l4 


*Supernatant fluids of 20 per cent tissue suspensions (w/v) 
tHemageglutinin titers. 

tComplement-fixing titers. 

Minus sign (—) = titer < 3 in hemagglutinin tests, and < 1 in complement fixation tests 


As is usual with mumps virus, the samples within each group showed con- 
siderable seatter in titers, fourfold differences between the extremes being not 
uncommon. The averages are, however, still reliable enough to suggest some 
general trends. Thus it appears that, with the inoculum used, 5 to 7 days is 
the optimum period of incubation; 6 days is perhaps somewhat better than 
either 5 or 7. As regards the age at which the embryos should be inoculated, 
there is a definite peak in the 11-, 12-, and 13-day groups, both younger and 
older embryos showing significantly lower yields. The virtual absence of 
hemagglutinating V antigen from the lung extracts is evident once more. 

The behavior of mumps virus here seems analogous to that of O-phase 
influenza viruses which are released into the amniotic fluid after rapid multi- 
plication in the lungs.* * A fortunate occurrence, this phenomenon enables us 
to use the embryonic lungs as specifie antigen without the need of previous 
removal of contaminating virus by adsorption onto red cells or by high-speed 
centrifugation. (It should be added that in some of the later experiments, 


using a loeal strain of mumps virus, a few lungs were found to contain both 
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V and S antigens. The hemagglutinin content of these preparations was always 
very low, and although specially tested for, it was never found to interfere 


in complement fixation tests. Thus, for routine serologic purposes, the lung 


extracts may be regarded as suitable antigens without any further purifiea- 
tion. ) 


Preliminary Screening of Lungs.—In the early experiments we were struck 
by the observation that although the lungs contained no hemagglutinin, the 
corresponding amniotic fluids did. Clearly, if this relationship held regularly, 
it would afford a simple presumptive test: if a drop of amniotie fluid aggluti- 
nated a suspension of red cells, it could be assumed that the respective lungs 
were of satisfactory S antigen content. The results of such a test would be 
available at the time of harvesting the lungs. 

However, the correlation was not strict. Although statistical evaluation 
of 262 paired tests gave a y*° of 14.95 (and thus a probability of <0.001), in 
about 28 per cent of all cases the answer was incorrect; in some instances 
hemagglutinating amniotie fluid was found with no complement-fixing an- 
tigen in the lungs or, more often, negative spot tests with positive lungs. Such 
a margin of error is too wide, and consequently the preliminary sereening of 
lungs by this method is of no practical use. 


Size of the Infective Dose—The next experiment served to establish the 
optimal virus inoculum. Groups of 12-day eggs were inoculated amniotically 
with the Enders strain of mumps virus in doses ranging from 10°* to 107° TDs. 
After different periods of incubation at 35° C. 5 eggs of each group were 
taken down. A sample of amniotic fluid was tested for hemagglutinin, and 
the lungs removed, ground, and suspended in the usual manner. However, the 
extracts were not absorbed with red cells, as it was known by now that such 
preparations contained little or no detectable hemagglutinin, and what there 
was of it did not interfere with the assay of S antigen. The S antigen titers 
of embryonic lungs are given in Table II], each figure showing the geometric 
mean of the eggs found alive on the day indicated. 


TABLE IIT. THe Yieup or S ANTIGEN From EmMbBryoNiIC LUNGS APTER AMNIOTIC INFECTION 
Wirth Various Doses or MuMps VIRUS 


INOCULUM LENGTH OF INCUBATION (DAYS) 
(1D ) 4 5 6 
100.5 3.6 48.5 76.1 
101.5 Ss. 55.0 36.8 


102.5 26.0 


103.5 
104.5 
105.5 
106.5 
107.5 


70.0 
65.0 
97.0 
IS1.0 
102.0 


29.9 
90.5 
284.1 
190.0 
130.0 
137.2 


93.7 
200.8 
90.5 
181.0 
170.0 
80.0 


The figures give the geometric mean titer of the survivors. from a group of 5 eggs. 


The first impression gained from Table III is that the size of the initial 
dose makes little difference to the yield of S antigen. The peak titers are of 
the order of a hundred in each group, although with the 3 smallest inocula it 


7 
238.8 
326.3 
401.6 
123.6 
147.1 
1373 
84.5 
17.2 
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takes about 6 days to reach this level, whereas the 3 largest have attained it 
by the fourth day. The falling off after the sixth day, noticeable in the two 
highest groups, is probably significant. 

What the figures do not show is the poor survival of embryos after high 
infective doses of mumps virus. With inocula up to 10°° 1D,, not more than 
about 1 in 20 of the embryos died per day. The 4 largest doses often killed 
half of the chicks by the fourth day, and practically all by the seventh. The 
lungs coming from dead embryos were also tested separately and found to 
contain usually as much antigen as did live lungs. However, their harvesting 
was often difficult because of partial autolysis, and many of them were found 
to be anticomplementary. For these reasons the optimal starting dose of 
virus lies between 10° and 10¢ 1D,,, since in this range all embryos are infected, 
only few of them die, and the lungs reach uniformly high titers between the 
fifth and seventh day of incubation. 

The experiments detailed above, as well as others in whieh the same fae- 
tors were tested in different combinations and over different ranges, defined 
the conditions for the optimal production of mumps complement-fixing anti- 
gen. Accordingly, 11- to 13-day eggs should be inoculated amniotically with 
10° to 10° infeetive doses of virus and ineubated for 5 to 6 days. The highest 
concentration of S antigen is to be found in the embryonic lungs. This source 
has the added advantage of containing only such small amounts of the hemag- 
vlutinating Vo antigen as will, for the most part, escape detection, and even if 
detectable will not interfere with the test for the small antigen. 


The Effect of Strain Differences.—To establish these conclusions on a wider 
basis and to test at the same time the effeet of strain differences, the next ex- 
periment was performed on a loeal strain of mumps virus. All faetors found 
important in the earlier experiments were tested over a range extending in 
both directions beyond the optimum found with the classical strain of mumps 
virus. Thus eggs 9 to 14 days of age received 10°° or 10*° ID,, of the 3DB 
strain amniotieally. After 2 to 6 days’ incubation the allantoic and amniotic 
fluids of each egg, as well as suspensions of the chorioallantois, the amnion, 
the embryonic lungs, and a pool of other tissues (skin, muscle, heart, liver) 
were tested both for hemagglutinin and for complement-fixing antigen by the 
standard method. As the tissues were taken up in the same volume of saline 
(1.0 ml.), the titers are proportional to the total content of antigen rather 
than to its concentration in that particular tissue. In the histograms of Figs. 
1 to 5 the geometric means are shown (N antigen in black, V antigen in white), 
each column referring to 5 embryos. 

The embryonic lungs (Fig. 1) again stand out as the most consistently 
rich source of antigen. The optimum age (12 to 13 days) is the same as for 
the Enders strain, as is the period of incubation (5 to 6 days). Differences in 
yield due to inocula are not appreciable in this range, although the larger 
dose killed many embryos within 3 days, while 10%° ID. had no sueh effeet. 
The hemagglutinin content of these preparations was negligible throughout, 
and none was found to be anticomplementary. 
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The two strains differ in their ability produce S antigen in embryonic 
lungs of different ages. The complete absence of NS antigen from lungs of 
embryos inoculated with the 3DB strain at a younger age 


age was in contrast to the 
results obtained with the Enders virus. This finding was the more perplexing 


as the corresponding amniotic fluids contained if anything, more virus than 
a similar group infected with the Enders strain (compare Table | and Fig. 4), 


and the amniotic membranes of the same embryos had higher S antigen titers 


© @ 


il 
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Fig. 1.—-Yield of mumps antigens from embryonic lungs after amniotic inoculation of 
the virus. The encircled figures show the age of the embryo on the day of inoculation. The 
abscissa gives the length of incubation; the ordinate gives the titers Keach column refers to 
“a group of 5 embryos: black columns, S antigen (determined by complement fixation) ; 
white columns, V antigen (determined by hemagglutination) 
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Fig. 2.—-Yield of mumps antigens from amniotic 


membranes after amniotic inoculation of the 
virus 


than at any other age (Fig. 2) 


2). It is known that the pharyngeal membrane 
constitutes a physical barrier to the passage of amniotie fluid into the lungs 
up to the end of the second week of embryonic development, and this could 
perhaps explain why the smaller inoculum which multiplies over a longer 


period was capable of invading the lungs of some of the younger embryos. 
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But it cannot account for the difference between the Enders and 3DB strains, 
unless one supposes either that the former has a much higher rate of growth 
in lungs, or that the latter produces mainly noninfective or rapidly inactivated 
offspring, incapable of spreading to the lungs. This question, beyond the scope 
of this study, was not pursued and must remain unresolved for the present, 

As regards the amniotic membranes, the difference due to inocula here 
is striking. After the larger dose, the yields are uniformly low over the age 
group tested, and there is little variation between harvests on different days. 
After the smaller dose, young embryos produce large quantities of S antigen, 
with the peak in the 9- to 10-day groups and a gradual decline thereafter. 
The optimal length of incubation is 4 to 6 days. The fluctuation within each 
group, however, was considerably wider than in lungs, and for this reason 
alone the membranes are a less dependable source of antigen for purposes of 
routine production. Another, more serious, drawback was the finding that 47 
membranes (out of 138 positive) were anticomplementary at dilutions of 1 
in 10 or higher. 

The yield of S antigen from the chorioallantois was sporadic and altogether 
insignificant after the larger inoculum. After the smaller, titers were of the 
order deseribed by Henle and co-workers! and, in agreement with their ex- 
perience, younger eggs were superior to older ones (Fig. 3). A few membranes 
(11 out of 287) were found to be anticomplementary. 

The extraembryonic fluids are of little interest as a source of S antigen, 
partly because of low and irregular yields, and partly because all positive 
fluids also showed hemagglutinin titers of an order that would render them 
unsuited for the testing of anti-N antibodies without previous removal of the V 
antigen. 

When comparing the hemagglutinin titers of the amniotie (Fig. 4) and 
allantoie (Fig. 5) fluids, it should be remembered that the 3DB strain had 
had only one allantoic passage at the time of this experiment; it is the lack 
of adaptation that underlies its unpredictable growth in the allantois. 

The extracts of pooled embryonic tissues had either no titers or were 
anticomplementary and, hence, of no practical value. 


Storage of Antigen.—The pools of embryonie lung suspensions prepared 
by the optimal method gave complement-fixing titers ranging between 80 and 
200. As each milliliter of such preparations is sufficient to perform tests on 
about a hundred specimens of serum (supposing 6 steps of dilution), the keeping 
qualities of the antigen are of importance, At first we stored the antigen at 

10° C. in sealed ampoules containing 0.5 ml. of the lung extracts. Although 
ampoules belonging to one batch opened up at the same titer over a period 
of 8 months, the titer was about a tube lower than before freezing, i.e., about 
half of the erude antigen was lost in the process. Later, the titrated lung 
extracts were diluted with caleium-magnesium saline to the optimal con- 
centration of antigen (5 units per standard volume), ampouled in 0.5 to 5.0 
ml. volumes, and then frozen. In this form the antigen kept equally well and 
without any noticeable loss due to freezing and thawing. This latter method 
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of storage has the advantage that the content of the ampoules can be used 
directly on thawing, without preliminary titration, and that there is no waste 
since only the volume required need be opened. However, the storage of many 
ampoules is space consuming. 
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Yield of mumps antigens from the chorioallantois after amniotic inoculation of the 
virus. 
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Yield of mumps antigens from amniotic fluid after amniotic inoculation of the virus. 
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Fig. 5.—Yield of mumps antigens from allantoic fluid after amniotic inoculation of the virus. 

Finally the method used by Hoyle® for influenza complement-fixing anti- 
gen was tried and found entirely satisfactory. The lungs are harvested, rinsed 
in saline, and then placed, without grinding, in a desiccator over anhydrous 
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CaCl. (It is not necessary to evacuate the jar.) After a day or two the dry 
lungs are collected, pooled, and ground without any additive in a mortar. The 
powder is transferred into a small vessel lightly stoppered with cotton wool 
and replaced in the desiccator. For use, the required quantity is weighed out 
and made up to a 1 per cent suspension in saline. After incubation, with 
repeated vigorous shakings, for 30 minutes at 37° C. the suspension is spun 
in an angle centrifuge, and the supernatant pipetted off. Such preparations 
have invariably higher titers than comparable ones made by grinding the 
lungs in the wet state, presumably due to the better dispersion afforded by 
dry grinding. 


56° 


3 7 14 28 
hours days 


Fig. 6 Inactivation of the S antigen by heat. The abscissa gives the time of exposure 
to the temperature (in degrees centigrade) shown on the respective curves; the ordinate 
shows the complement-fixing titer. 


Extracts prepared in this way will keep unchanged for at least a fort- 
night if kept in the refrigerator, as shown by the following experiment in 
Which their heat resistance was tested at 5 levels of temperature (Fig. 6). 

At 96° ©. the inactivation is rapid; at 37° C, the half-life is about 60 
hours; and at 20, 4, and —10° ©., respectively, the variation lies within the 
accuracy of the titrations. Thus it is feasible to store the antigen-containing 
lungs in the dry state for indefinite periods of time, and extraets prepared to 
cover a week’s requirements can be kept conveniently and without loss of titer. 


Since such extracts can be made up reproducibly, preliminary titrations of 
antigen preeeding each test become unnecessary. 


Reagents and Technique of Standard Tests —Apart from the antigen, the 


reagents employed in the complement fixation test, as well as the details of 
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technique, did not differ from what had been proposed by one or the other 
worker in the past. Sinee, however, there are numerous and at times con- 
flicting recommendations, it might be as well to record briefly our experience 
in comparing these variants and to give reasons for preferring the combination 
which has become the standard method in this laboratory. 

Antiserum.—As clinical cases of mumps occur mostly in children and the 
collection of large volumes of blood from convalescents is therefore not prac- 
ticable, our positive control sera were lately prepared in guinea pigs. The 
method is essentially that of Sohier, Challut, and Chardonnet.° Healthy adult 
animals received about 10% to 10° infeetive doses of mumps virus, in the form 
of a 0.1 ml. inoculum into each nostril, After a lapse of 2 to 4 weeks a booster 
dose of 107 ID,, was given, again intranasally; the animals were bled 5 days 
after the second inoculation. At this time their sera fixed complement with 
the S antigen when diluted 1:200 to 1:800, and had an antihemagglutinin titer 
of the same order. The latter gave no cause for concern as the extracts of 
infected lungs contained too little V antigen to be even detected by the standard 
complement fixation test. 

The sera were diluted 1:5 in saline, inactivated at 62.5° C. for 15 minutes, 
ampouled in 0.5 ml. volumes, and stored frozen at —10° C. In this state the 
titer remained unchanged, and the contents of one ampoule were sufficient 
to serve as controls in 10 to 12 sets of titrations. 

Negative control sera of human origin were handled in the same fashion. 

Complement.—A large pool of guinea pig serum was distributed in exactly 
8.0 ml. lots, into small serew-cap containers and stored at —10° C. For use one 
of these was thawed and preserved by the addition of Richardson's solutions.’ 
At first, complement was routinely titrated before each main test, both in the 
presence and absence of antigen. With time it became obvious that frozen 
storage preserves it without loss, and the thawed samples retained their titer 


unchanged for at least a fortnight at refrigerator temperature. Consequently, 
the preliminary titration of complement was abandoned, and instead the dose 
actually used in the main test was checked at dilutions of 1:1, 1:2, 1:3, 1:4, 


1:6, and 1:8. Sinee we aimed at 3 HD,,, this set gave a complete series of 
reactions, and even minimal changes would have been detected if present. 

Hemolytic System.—High-titer lytic serum against sheep erythrocytes was 
prepared in rabbits by a month’s course of multiple subcutaneous injections 
of 0.5 ml. washed sheep red cells every 5 days. A week after the last injee- 
tion the animals were bled, the sera separated, inactivated, ampouled in 0.5 
ml. lots, and stored frozen at —10° CC. The hemolytie titer of such sera was 
in the range of 3,000 to 5,000. 

Sheep red cells were collected weekly and stored in the modified Alsever’s 
solution at 4° C. Before sensitization the cells were washed 3 times by spin- 
ning through 10 volumes of saline, and were then made up to a 4 per cent 
suspension. Finally, 8 HD,, of hemolysin was added in an equal volume of 
saline, the mixture incubated at 37° C. for 30 minutes, and then transferred 
to the refrigerator. A fresh lot of cells was sensitized for each day’s tests. 
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The Test.—Since the samples of blood sent to the laboratory were usually 
of small volume, the standard tests were so designed that a complete set of 
titrations could be performed on 0.05 ml. of serum. At first the tests were set 
up in small (10 by 0.8 em.) test tubes; later transparent plastic trays, designed 
originally for hemagglutinin tests, were used. As there is some difference in 
the technicalities of these alternative methods, they will be deseribed sepa- 
rately. 

In the tube-test calibrated dropping pipettes (0.03 ml.) were used to make 
up dilutions. One standard drop of the serum to be tested was mixed with 
three drops of saline and inactivated at 62.5° C. for 15 minutes. This starting 
dilution was then halved. One set (6 twofold steps) was tested against the 
standard mumps antigen; the other (4 twofold steps) against the negative 
to detect any anticomplementariness in the serum. 

The positive antigen, made up to contain 4 units per standard drop, was 
mixed with an equal volume of complement diluted to a concentration of 
3 HD,, per standard drop. Of this mixture two drops were added to each 
tube. The normal antigen, diluted to the same degree as the positive one, was 
similarly mixed with complement and two drops of it added to the set of 
control tubes. The racks were then shaken and placed in a water-bath at 37° 
(. for 45 minutes. In the “short fixation” test the sensitized cells were added 
at this stage; in the “long fixation” test the racks were transferred to an 
icebox for 16 to 20 hours, and then warmed in the bath for 10 minutes before 
receiving the standard drop of sensitized cells. Three-quarters of an hour was 
allowed for lysis, and the racks were shaken twice during this period. 

Three intermediate degrees of turbidity were distinguished between com- 
plete and no lysis. The central reaction (50 per cent lysis) was taken as 
the end point. 

In the tray-test the two sets of dilutions were made up with the aid of 
Takatsy’s spiral loops,** in a standard volume of 0.05 ml. This method is 
considerably quicker than dilution by drops, and at least as accurate. The 
mixture of antigen and complement was delivered with an automatic pipette, 
and the trays placed in an incubator or warm room (36° C.). It is important 
not to pile the trays on one another, as this prevents their uniform warming 
during the 45 minutes of incubation. Again, as in the tube-test, the hemolytic 
system can be added at this stage, or the trays can be transferred to the re- 
frigerator. In the latter case it is convenient to arrange them in piles to cut 
down evaporation. The differential cooling here becomes unimportant, be- 
ing relative to overnight incubation. Next day the trays are laid out indi- 
vidually in the ineubator for 30 minutes, and then the hemolytic system is 
added. At this stage we placed the trays in a shaking machine (120 hori- 
zontal oscillations per minute, 2 em. thrust) for an hour at 36° C. The re- 
sults are the same after stationary incubation at 36° C, provided the trays 
are shaken at least twice during the period. 
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The test can be read in the ordinary way or, more conveniently, by let- 
ting the cells settle at room temperature for about an hour. Inspected from 
above against a white background, the positive cups contain a dense central 
button of red cells; intermediate degrees of lysis are characterized by smaller 
central buttons and correspondingly stronger pink color in the medium. In 
negative cups all cells are laked, and the fluid is uniformly colored, trans- 
parent, and without any trace of turbidity or deposit. These patterns do not 
change for at least two hours after the cells have settled and thus, unlike in 
the tube-test, reading of the results need not be strictly timed. 

On the whole, we prefer the tray-test for its greater accuracy (see below), 
for the time saved in setting it up, and for the ease of cleaning the equipment. 
(After use the plastie trays are immersed in 4 per cent NaOH for an hour, 
thoroughly rinsed with running tap water and left to dry, face down, at room 
temperature. ) 

Reproducibility Experiments conducted under this heading sought to 
answer the following questions : 

1. What is the variation between tests done simultaneously by one op- 
erator? 

2. What additional error is introduced by several operators using the 
same materials? 

3. How do tests compare when done on different days and/or with dif- 
ferent reagents? 

Altogether 4 factorial experiments were performed. In the first 2 of these, 
only the tube-test was used; the other 2 included also a comparison of the 
tube- and tray-tests. On analysis the results were found consistent enough 
to allow pooling of the information, the contrasts being represented by their 
mean contributions to the variance. 

Thus, the standard deviation (standard error of a single titration) is 

0.351 log. unit (or 27 per cent) for the tube-test, and +0.28 log, unit (or 19 
per cent) for the tray-test. It is noteworthy that this error depends greatly 
on the operator in the tube-test (range: 0.22 to 0.47) and barely so in the 
tray-test (range: 0.20 to 0.26). In other words, whereas careful work leads 
to the same accuracy in both tests, the use of trays and spiral loops has fewer 
pitfalls. 

The difference between operators was found insignificant in the tray- 
test; with tubes the variance ratio became just significant (P ~ 0.04). Tests 
done on different days, on the other hand, varied significantly whether per- 
formed with the same or with different reagents. The error of such tests was 

0.48 log, unit (or 44 per cent) and 40.43 log. unit (or 40 per cent) for tubes 
and trays, respectively. The aecuracy of antigen and antibody titrations 
proved to be the same. 


It follows that when two sera are compared carefully on the same day by 
the same worker, a difference of 1.51 log. units (2.7 fold) is significant at the 
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% per cent level of probability. To tell apart, with the same degree of con- 
fidence, the results of two tests done in the same laboratory but at different 
times, a difference of 2.44 log, units (6.5 fold) is required. This should be 
strong inducement to titrate side by side all specimens to be compared. 

The order of accuracy achieved by the test is all that is needed in a di- 
agnostic laboratory. If, for some special purpose, greater sensitivity and less 
variation are demanded, the method of choice would be the back-titration of 
residual complement after letting the test sample react with an excess of the 
other two reagents. A technique based on this principle has been adapted 
recently to the serology of mumps by Wigand.'® Unfortunately, improved 
sensitivity is guaranteed only in two-dimensional tests, and these, even on a 
microscale, use extravagant volumes of serum; moreover, by its nature this 
method cannot work as a spot-test. Henee, it is less practical, at least in a 
children’s hospital, than the more orthodox technique outlined above. 


SUMMARY 


A new source of mumps complement-fixing antigen is deseribed. Chick 
embryos of 11 to 15 days’ ineubation are infected amniotically with 10°-10' 
ID., of virus. After 5 to 6 days at 36° C, their lungs are harvested, ground, 
and suspended in saline. Such preparations have titers 5 to 20 times higher 
than standard chorioallantoie antigens, are not anticomplementary, and are 
free from interfering viral antigens. 

A complement-fixing technique, requiring 0.05 ml. of serum is given in 
detail, together with methods of preparing and storing all reagents required 
in the test. 


The aecuracy and reproducibility of the technique is evaluated statis- 
tically. 
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THE EFFECT OF ORAL FEEDINGS OF MEAT AND GLUCOSE ON 
HEPATIC VEIN WEDGE PRESSURE IN NORMAL AND 
CIRRHOTIC SUBJECTS 
LEONARD CAsTLEMAN, M.D., J. LeoNARD Branpt, M.D., AND 
Ruskin, M.R.C.P. 

BrRookLyN, N. Y. 


(ye of the most important factors in the genesis of splenomegaly, ascites, 
esophageal, gastrie, and hemorrhoidal varices in patients with cirrhosis 
of the liver is portal venous hypertension. A rise in portal vein pressure prob- 
ably plays an important role in the bleeding from varices in cirrhotic subjects. 
The causes of pressure changes in the portal venous circulation are, however, 
poorly understood. 


Measurement of the hepatie vein wedge pressure (HVWP) accurately 


estimates portal vein pressure (PVP), and it has been shown at laparotomy in 
human subjects that HVWP is approximately 80 per cent of the portal vein 
pressure (PVP) and that change in PVP is reflected in HVWP2 This sub- 
ject was recently reviewed by Reynolds and associates. 

During the course of studies of hepatie metabolism as affected by oral 
feedings of meat and glucose in normal and cirrhotic subjects,’ it was noted 
that feedings of meat were frequently accompanied by remarkable rises in 
HVWP. The purpose of this study is to record our observations on HVWP 
as affected by the feeding of meat and glucose to normal and cirrhotic subjects, 
in the hope that some further insight might be gained into the management 
of the patient with cirrhosis of the liver with portal hypertension. 


MATERIALS AND METHODS 


The criteria for patient selection have been described elsewhere.4 Any cirrhotic 
subjeet with ascites was studied within 24 hours after abdominal paracentesis so that 
he or she was as “dry” as possible at the time of study. The technique of Myers and 
Taylor’ for catheter wedging of the hepatie vein was followed. When a single lumen 
venous catheter was wedged in the hepatic vein it was left undisturbed throughout the 
study. A specially designed double lumen catheter with an opening 3 inches from the 
distal (tip) lumen was used in a few instances. This latter double lumen catheter allowed 
for simultaneous measurement of HVWP and free hepatic vein pressure (HVP) without the 


necessity for moving the catheter from its wedged position. 
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When the 


interesting observation was made which warrants mentioning. If one observes the level 


double lumen catheter was used in the course of the above studies an 


of the saline in two water manometers (one connected to the catheter lumen at the wedged 
position and the other to the catheter lumen open to the free hepatic vein), it will be 
noted that they move in opposite directions with respiration, e.g., the wedged rising and 
free falling with inspiration; the reverse with expiration. This has proved to be a useful 
added simple check on the position of the catheter, since it occurs only when the distal 
lumen is in the wedged position. The phenomenon is probably related to the inverse pres 
sure alterations between the chest and abdominal cavity with movement of the diaphragm. 

In the early part of the study a strain gauge manometer was used for pressure mens 
urements. In most studies, however, a saline manometer was used, the zero level being 
taken at 5 em. below the sternal angle. The saline manometer was connected to the 
catheter through a three-way stopeock. When pressure measurements were to be made, 
the infusion fluid (isotonic saline containing heparin) used to keep the catheter patent 
was connected with the saline manometer and allowed to rise to approximately the 500 
mm. mark, at which time the manometer and catheter were connected and the saline level 
in the manometer allowed to equilibrate with the catheter pressure. Recordings were made 
only when pressure readings remained stable for 60 to 75 seconds. 

Following 3 to 5 eontrol measurements taken at intervals of 5 minutes, the fasting, 
supine, quiet, and comfortable patient ingested either meat or glucose. The glucose feed 
ing consisted of 100 Gm. of glucose in 500 ml. volume; the meat feeding consisted of 250 
Gm. of lean meat (about 60 Gm. protein) in 500 ml. volume (lean beef was previously cooked, 
homogenized, and then brought to volume with water). Pressure measurements were 
recorded at 5- to 15-minute intervals for 30 to 90 minutes. Using the above proceedures, 
a group of 10 normal and 5 cirrhotic subjects were given the glucose feeding (Table 1), 
and in 9 normai and 11 cirrhotic subjects the protein feeding was given (Table IT). 

To evaluate the role of alimentation of a nonabsorbable substance, HVWP was meas 
ured in one normal and one eirrhotie subject following the ingestion of 8 tablespoonfuls 
of hydrophilie psyllium muecilloid (Metamucil) in 500 ml. of water. In an additional 
cirrhotie patient and a normal individual, HVWP was measured after the intravenous 
administration of 50 Gm. salt-poor albumin. Observations of the effeets of the meat 
feeding in one subject with tricuspid insufficieney with cardiac cirrhosis and congestive 
heart failure were also made. 


Table ITT. 


All data are recorded in mm. H,O. Where proximal (HVP) and distal (HVWP) 


lumen pressures were taken simultaneously, they are so noted. 


These 6 subjects comprise a miscellaneous group listed in 


RESULTS 


A. Control Periods.—The average TIVWP in the 20 normal subjects 
(Tables Land IL) and one subject of Table IIT, was 103 mm. H.O with a range 
from 35 to 162 mm. H.O, and only 4 patients had pressures over 140 mm. HO. 
The average HVWP in the 19 patients with cirrhosis of the liver (Tables 1, 
If, and TIT) was 302 mm. H.O with a range from 172 to 458 mm. HLO, and only 
2 cirrhotic subjects had control HVWP below 200 min. H.O. In all the normal 
subjeets the free HVP was almost identical with the systemic venous pressure 
and thus the gradient between HVWP and HVP was uniformly small. The 
free HVP in 7 eirrhotie subjects ranged from 30 to 111 mm. H.O with a mean 
of 72 mm. H.LO. The HVWP-HVP gradient ranged between 155 and 406 
nm. HO in the cirrhoties, and was thus uniformly high. 
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B. Glucose Feeding (Table 1). 

Normal subjects: In the group of 10 normal subjects glucose ingestion 
rarely caused a marked inerease in ILVWP. The greatest increase in IVWP 
noted in any subjeet was 34 mm. HO, and the average peak increase for the 
10 subjects was 17 mm. ILO. 

Cirrhotic subjects: The ILVWP. rose 50 mm. ILO in one of the 5 cirrhotie 
subjects who ingested glucose; in the others the ITIVWP rose from 5 to 18 mm. 


HO. 


TABLE I. Errects oF GLUCOSE FEEDING ON HVWP IN NorMAL AND CIRRHOTIC SUBJECTS 


DATA RECORDED IN) mm, H.O PRESSURE 
PATIENT NO. CONTROL, HVWP AFTER FEEDING | PRESSURE CHANGE 
A. 
60 { +15 
35 
114 
Sl 
S7 


Cirrhotic Subjects 
260 
195 
503 (60) 
3S4 396 
435 444 
Mean 339 360 


*Data in parentheses represent simultaneously recorded free HVP. 
TabiLe Il. Erreets of MEAT FEEDING ON HVWP IN NORMAL AND CIRRHOTIC SUBJECTS 


PATIENT NO, CONTROL HVWP AFTER FEEDING PRESSURE CHANGE 

. Normals, Marimum HVWP 

16 148 +40 

116 (66) +40 

+11 

+5 

+46 

+36 

+65 

(116) 3% +96 

+26 


B. Cirrhotic Subjects 
510 
216 
405 
266 
567 
337 (80) 
467 (112) 
(79) 454 (46) 
218 
464 
325 


6 108 108 0 
7 123 (30)* 144 (30) +2] 
8 76 + 6 
145 160 +15 
10 162 182 +20 
+18 
+12 
+50 
+12 
+5 
Mean 104 144 +40 
25 370 +140 
26 172 + 44 
27 338 + 67 
28 235 » 
29 364 +203 : 
20 285 + 52 
31 458 + 9 
32 449 + § 
33 205 + 33 
34 454 +10 
35 270 + 55 
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(. Meat Feeding (Table 11). 


Normal subjects: In 9 normal subjeets the average peak increase in IVWP 
after the meat feed was 40 mm. H.O with a range from 5 to 96 mm. H.O. 


Cirrhotic subjects: In 11 eirrhotie subjects the average peak increase in 
IIVWP after the ingestion of protein was 58 mm. HLO with a range of from 
4 to 203 mm. H.O. Marked variability in results is apparent. In 5 of these 
subjeets the average peak inerease ranged from 31 to 67 mm. H.O; in 4 of the 
subjects the average peak increase ranged from 5 to 13 mm. H.O; in 2 patients 
the peak inerease was 104 and 203 mm. H.O. In the 3 cirrhotie subjects in whom 
the pressure was measured in the free hepatie vein simultaneously, the maximal 
changes were inereases of 9 and 15 mm. H.O, respectively; in one patient the 
free hepatie vein pressure fell 33 mm. HO after the protein feed. 


D. Miscellaneous (Table I11).—I\n the two eirrhotie subjeets fed nonab- 
sorbable bulk (34 and 35) the peak increase in HVWP was 20 and 22 mm. 
H.O, and the peak increase in free ITVP was 18 and 2 mm. H.O. Fifty grams 
of albumin in 100 ml. of fluid was administered intravenously in 15 minutes 
to one cirrhotic subject, and this caused the ITVWP to inerease 16 mm. H.O 
with a simultaneous increase in TIIVP of 21 mm. IL.O; in one normal subject 
this procedure caused the IIVWP to inerease 5 mm. TH.O. 


TABLE IIT. MISCELLANEOUS 
CONTROL PEAK 
IAGNOSIS TYPE FEEDING HVWP HVWP CHANGES 


Cirrhosis Metamueil 274 (350 294 (46 +20 
Cirrhosis Metamucil 223 (70) 245 (72 +22 
Normal L.V. albumin 27 132 

Cirrhosis L.V. albumin 349 (111 365 (132) 

RHD; CHF; Meat 353 (350) 425 (427 


*Rheumatic heart disease: congestive heart failure; relative tricuspid insufficiency and 
eardiac cirrhosis 

In the patient with rheumatic heart disease (40), the ITVWP and free 
HVP were almost identieal in the control periods—353 and 350 mm, H.O—and 
hoth rese—72 and 77 mm. IL.O, respectively—after the meat feeding. 


DISCUSSION 

The control data in this study are in agreement with the reports of others.°° 
In the normal subject, the HVWP averages about 100 mm. of water. In the 
cirrhotic subject the HVWP averaged over 300 mm. of water. There was no 
overlap in our studies in the HVWP between cirrhotic subjects and normal 
individuals. Thus it appears, from this and other studies, that a high HVWP 
is a good criterion for the diagnosis of cirrhosis of the liver. It is generally 
accepted that the HVWP refleets accurately the sinusoidal pressure, and as 
such it is an excellent reflection of portal vein pressure. Reynolds and assoei- 
ates* and Friedman and Wiener? demonstrated the closeness between portal 
vein pressure and hepatic vein wedge pressure. This increased HVWP of the 


cirrhotic subjects is undoubtedly due to the morphologie changes produced 
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in the liver by this disease. Our data also verified the abrupt gradient from 
occluded to tree HVP in the cirrhotic subject. As has been reported by 
Reynolds and co-workers® * and Sherlock and associates* and others, this 
observation localized the site of obstruction of blood flow in the cirrhotic 
liver. 


It has been demonstrated that for ascites to develop in the dog, an increase 
in portal vein pressure is insufficient and that an increase in HVP, brought 
about by an increase in inferior vena cava pressure above the level of entrance 


of the hepatic vein will cause ascites.” It is known that portal vein occlusion 
in the human with normal liver function often will not be followed by ascites.’® 
However, in some patients with normal liver funetion, blockage of the portal 
vein will cause ascites. It is probably quite true that portal vein hypertension 
is not the sole cause of ascites in the cirrhotic subject. Our data clearly show 
that there is no increase in free HVP in the cirrhotic subject, and many of 
our patients did have ascites (see data in parentheses, Tables Land I1). Thus, 
we believe that, though portal venous hypertension per se may not cause 
ascites, free hepatic vein hypertension is not present and plays no role in the 
etiology of ascites in patients with cirrhosis of the liver. 

Hofbauer studied the effects of feedings on portal vein pressure in the 
dog and demonstrated that the ingestion of a mixed-type diet in normal dogs 
caused an increase in portal vein pressure from about 75 mm. H.O (control) 
to about 140 mm. H.O, in most, though not all, animals; in one mongrel dog the 
ingestion of 300 Gm. of meat caused the portal vein pressure to double.” 
Acute liver damage did not cause an increase in portal vein pressure. In 
dogs with chronie liver damage caused by carbon tetrachloride, the fasting 
portal vein pressure was about 30 mm. H,O above that which had existed be- 
fore the carbon tetrachloride poisoning. In one dog with chronie liver dam- 
age, feeding caused the portal vein pressure to increase from about 135 to 
220 mm. H.O. Feeding also caused a greater absolute and percentage increase 
in portal vein pressure in those dogs in whom the portal vein had been 
partially constricted. 

In our studies, the ingestion of glucose rarely caused a marked inerease 
in the HVWP in the normal or cirrhotie subject; in only one cirrhotie sub- 
ject did the HVWP increase 50 mm. H.O after the ingestion of glucose, and 
in the remaining subjects the increase was always less than 20 mm. H.O. The 
ingestion of meat caused the HVWP to increase by more than 30 mm. H,O 
in 7 of 12 cirrhotie subjects; in 2 cirrhotic subjects the increases in pressure 
were 140 and 205 mm. H,O. In one normal subject the ingestion of meat 
caused the HVWP to increase 96 mm. H.O. Thus, although there was a 
considerable overlap between the effeets of the glucose and meat feedings on 
the HV WP, and although the increase in the HVWP after meat ingestion was 
inconstant, it seems significant that it is only with meat ingestion that we 
did see marked changes in HV WP. 

Our data do not provide information as to the cause of the increase in 
HVWP when it did occur. Intravenous albumin causes a significant rise in 
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hepatic blood flow’? and we have shown that its administration caused but 
minimal increases in HVWP, and that the ingestion of a moderate amount of 
nonabsorbable bulk material similarly caused little change in HVWP. If 
these data are confirmed in a larger group of subjects, it would seem that it 
is the digestion of meat in the gastrointestinal tract or the liberation of some 
substance during this digestion, or the secretion of some substance by the 
gastrointestinal tract itself after the ingestion of meat, that causes the marked 
increase in HVWP when it does oceur. Hoffbauer demonstrated that the ad- 
ministration of epinephrine or histamine caused the portal vein pressure of 
the dog to increase; histamine probably caused this by its constrictor effect 
on the hepatie vein.'' He tentatively concluded that feeding caused an in- 
crease in intra-abdominal pressure and then an increase in pressure in the 
inferior vena cava and portal vein. Our data, with the slight effeets on HVWP 
induced by the ingestion of glucose or inert bulk, and the occasional marked 
effect brought about by the ingestion of a similar volume of a meat feeding, 
indicate that the type of material ingested probably also plays an important 
role in the resulting HV WP. 

We have previously demonstrated that a meat feeding frequently causes 
a significant increase in hepatic blood flow, whereas a glucose feeding usually 
results in no such inerease.'| Since meat ingestion frequently causes an in- 
crease in hepatie blood flow and HVWP, it may well be that an inerease in 
blood flow into the liver, or into that portion of the gastrointestinal tract the 
venous drainage of which is into the liver, is inereased after such a feeding. 

Other than by direct measurement of the HVWP before and after a meat 
feeding, we know of no way by which one would be able to predict the effect 
of meat ingestion on the HVWP in a specifie cirrhotic subject. Since some 
cirrhotie subjects do manifest a marked increase in HVWP after protein 
ingestion, and sinee this is undesirable, it seems wise from this point of view 
also to limit protein ingestion in the patient with cirrhosis of the liver. We 
know that protein ingestion may, in some, and again not all, cirrhotic subjects, 
cause a marked inerease in the blood level of ammonia and other nitrogenous 
substances, and that this may precipitate hepatic coma.'* We know of at 
least a few patients in whom bleeding from esophageal varices occurred after 
hospitalization and after forced high-protein feedings had been instituted. It 
may well be that this phenomenon was due to an increase in portal vein pressure 
and was not coincidental. 


Thus, from several points of view, it would appear wise to maintain the 


patient with cirrhosis of the liver in positive nitrogen balanee by utilizing 
proteins with high biologie value, rather than to attempt the forced feeding of 
a high-protein diet to all cirrhotie subjects. 


CONCLUSIONS 
lL. The HVWP and free HVP were measured in a group of normal and 


cirrhotic subjects before and after the ingestion of a protein and a glucose 
feeding. 
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The control HVWP was considerably elevated in all cirrhotic subjects. 
An inereased HVWP may be a criterion for the diagnosis of uncomplicated 


cirrhosis of the liver, 
4. A steep gradient between the HVWP and free HVP was seen only it 

cirrhotie subjects. 

The ingestion of glucose was not followed by a significant increase in 
the HVWP in normal or cirrhotic subjects. 

The ingestion of a meat feed caused a marked inerease in the HVWP 
of some cirrhotic patients. 

The administration of intravenous albumin and the ingestion of inert 
bulky material caused no significant change in the HV WP. 


The possible clinieal significance of these observations is discussed. 
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IN VITRO SENSITIVITY OF NORMAL HUMAN LYMPHOCYTES 
TO X-RAYS AND RADIOMIMETIC AGENTS 
Ropert ScHREK, M.D. 
Hines, IL. 


SLIDE chamber method was recently developed to test the sensitivity 
A of human lymphocytes to reagents." The method required only small 
quantities of cells and serum and gave quantitative results. In the present 
study the method was used to measure the cytotoxicity of x-rays and radio- 
mimetic agents on human lymphoeytes derived from blood and lymph nodes. 
These experiments were designed to serve as controls to parallel experiments 
on the reactions of lymphocytes from patients with chronie lymphocytic leu- 
kemia or with lymphosarcoma in leukemic phase. The experiments also were 
needed to determine to what extent findings on the effects of x-rays on rabbit 
and rat* lymphoeytes may be extended to human lymphocytes. Finally this 
work with the familiar reagent of x-rays helped to explore and develop the 
use of human cells in the slide chamber method so that other reagents could be 
used in future studies, 


MATERIALS AND METHODS 


Description of Patients.—Tests were performed on the lymphocytes from lymph nodes 
removed for diagnostic purposes from 9 men. The ages of the patients varied from 26 to 70 


years. The nodes were obtained from the cervical, axillary, or inguinal regions and were diag 


nosed in the pathology department of this hospital as chronic lymphadenitis, reactive hyper- 


plasia, and, in 2 nodes, lipomelanotic reticulosis. The clinical diagnoses of the patients were 
varied and ineluded such conditions as subacute bacterial endocarditis, metastatic careinoma, 
exfoliative dermatitis, and duodenal ulcer. The routine hematologic findings were normal 
except for anemia (lowest hematocrit reading, 29 per cent) and slight leukocytosis (highest 
count, 13,300 cells per cubic millimeter) in a few patients. 

Lymphocytes were also derived from the blood of 28 ambulatory patients between the 
age of 25 and 72 years. The clinical diagnoses were unusually minor conditions as hemorrhoids 
and mild acute pharyngitis but also included hypo- and hyperthyroidism and eezematoid derma 
titis. Anemia was present in 3 patients with a red cell count of 2,200,000 per cubie milli 
meter in 1 patient. The white blood cell count varied from 4,000 to 13,300 cells per cubic 
millimeter usually with 30 to 40 per cent lymphocytes. One patient with rheumatoid arthritis 
had a white blood cell count of 9,600 with 79 per cent lymphoeytes. The sedimentation rate 
was low in 6 patients (12 to 22 mm. per hour). 

The lymphocytes from the lymph nodes and from the blood may be considered as normal, 
hyperplastic, or inflammatory. These cells should serve as satisfactory controls to the leukemic 
lymphoeytes studied previously.2 


From the Tumor Research Laboratory, Research Service, Veterans Administration 
Hospital, Hines, Ill 


: Aided by a research Grant CY-2476 (C2) from the National Cancer Institute of Health, 
National Institutes of Health, U. S. Public Health Service. 
Received for publication Nov. 22, 1957. 
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Method.—A detailed deseription of the slide chamber method is given in a previous 
publication.t. The normal blood (10 ml.) plus heparin (0.2 ml. of a 0.2 per cent solution) 
was centrifuged for 4 successive times at 27 g for 5-minute intervals with withdrawal of the 
turbid plasma after each centrifugation. The cumulated plasma was centrifuged again for 
5 minutes at 64 g and the resultant supernatant centrifuged at 110 g. The precipitated cells 
were washed twiee with Earle’s solution containing 10 per cent normal serum. The cells 
were suspended in equal parts of a saline solution (TC 199) and normal human serum of the 
same ABO type as the cells. This differential centrifugation resulted in a suspension of 
leukocytes with relatively small numbers of erythrocytes and platelets. Cellular suspensions 
were also prepared from human lymph nodes by chopping the tissue with fine scissors and 
filtering through 80-mesh Monel metal wire sereen. The suspensions were counted by the 
method of unstained cell counts and were diluted to give 1,500 viable cells per cubic millimeter. 

To prepare the slide chambers, a metal plate, 40 by 40 by 0.85 mm. with a central hole 
26 mm. in diameter, was placed in the center of a large cover glass, 50 by 75 mm. A thin 
rectangle about 12 by 15 mm. was drawn with petroleum jelly on the cover glass inside the 
hole of the metal plate. A drop of suspension, 0.2 ml, was placed inside the petroleum jelly 
ring and another cover glass, 43 by 50 mm., was lowered on the drop. The preparation was 
then sealed with a beeswax-paraftin mixture, 

The cellular suspension in the slide chamber was irradiated with a 100 kv. x-ray machine 
and the same factors were used as previously.2. The dosage of 1,000 to 4,000 r was adminis 
tered at the rate of 670 r per minute, 5 Ma., 0.5 mm. equivalent aluminum filter, distance 
of 10.5 em. and half-layer value of 1.3 mm. aluminum; 100 r, at the rate of 67 r per minute and 
distance of 31.5 mm.; 10 r or less, at the rate of 7.5 r per minute, 31.5 distance, 0.25 mm. 
copper and 0.5 mm, equivalent aluminum filter, and HLV of 0.94 mm. aluminum. 

The radiomimetic agents were made up fresh in distilled water and added in suitable 
dilutions to the suspension immediately before the preparation of the slide chambers. The 
nitrogen mustard was NH2, methyl-bis( B-chloro-ethyl amine hydrochloride.* The triethylene 
melamine was kindly contributed by Dr, J. M. Ruegsegger.+ 

The slide chambers were incubated at 37° C. The cells settled rapidly in a single layer 
on the lower cover slip and were examined with an inverted phase microscope. Counts were 
made daily of the viable lymphocytes in a strip 0.215 mm. wide and 10 mm. in length. The 


criteria used for recognizing the viable, and morphologically intact lymphoeyte included (1) 


a clearly visible nucleus with dark chromatin and nucleolar masses imbedded in a light-gray 


nucleoplasm; (2) clearly visible, but not prominent, cell and nuclear outlines; and, (3) in 
some cells, a broad, anterior pseudopod and a posterior tail with fine granules and mitochon 
dria. 


RESULTS 


Observations on Untreated Lymphocytes——Suspensions prepared from 
blood lymphocytes in 50 per cent human serum were studied by phase micros- 
copy and time-lapse cinemicrography. In a fresh suspension, the lymphocytes 
were round with a small amount of cytoplasm. The nucleus was finely gran- 
ular with a few small, indistinct chromatin masses distributed irregularly in 
a light-gray nuecleoplasm. A few of the chromatin masses were attached to 
the nuclear wall but margination of the chromatin was not conspicuous. After 
one or more days of incubation in the slide chambers, most of the blood lym- 
phoeytes were ameboid in form with broad hyaline anterior pseudopods and 
short narrow posterior tails which contained a few granules and mitochondria. 
In time-lapse cinemicrography, these cells were seen to be active, lashing about 
aimlessly or moving in one direction at a slower rate than granulocytes. 


*Merck & Company, Inc., Rahway, N. J. 
+Lederle Laboratories Division, American Cyanimid Company, Pearl River, N. Y. 
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Suspensions from the lymph nodes were variable in cytology. In most 

of the suspensions the predominating cell was similar to the blood lymphocyte 
as indieated by coarse, irregularly distributed chromatin masses and by their 
ameboid form after one or two days of incubation. Ina few suspensions many 
of the lymphocytes were smaller with cart wheel nuclei and these cells usually 
remained round and nonmotile. A few cells were lymphoblasts with hyaline 
nuclei, prominent nucleoli, and no definite chromatin masses. The lympho- 


blasts were usually irregular in shape and were motile shortly after incubation. 


Other types of cells were seen in some suspensions. For example, a suspen- 


sion from a lymph node of one patient contained many reticular cells with 
radiating fibrillary processes. The findings on this and a few other unusual 
suspensions are not ineluded in this study. 


TABLE I. A SUMMARY OF THE FINDINGS ON THE SENSITIVITY OF HLUMAN LYMPHOCYTES 
X-Rays (1,000 r), NivroGEN Mustarp (3 pg or HN2 rex ML.), AND TRIETHYLENE 
MELAMINE (0.3 gg or TEM PER ML.) 


To 


ARITH METI¢ MEAN 
LYMPH RANGE 
NODES BLOOD LYMPH NODES BLOOD 
Ten per cent survival 
time of untreated cells 
(days 
Sensitivity; 10 per cent 
survival time in days 
after: 
X-rays (1,000 1 1.28 to 1.87 
HN2 (3 pye/mi. 1.67 to 2.48 
TEM (0.3 pg/ml. 
Sensitivity dose pro- 
ducing a 10 per cent 
survival time of 3 days: 
X rays roentgens 
HN2 2.05 
TEM (pg/ml. - 
Slope ot dose-effect 
curve, after: 
X-rays 1.35 
HN2 S56 (3 3.04 
TEM 1.20 


Numbers in parentheses indicate numbers of patients 


In untreated suspensions from 8 lymph nodes, 44 to 8& per cent of the 
lvmphoeytes were still viable in the slide chambers after 4 days of incubation 
at 37° ©. The corresponding figures for blood lymphocytes of 27 patients 
were 30 to 88 per cent. The median percentages of lymphocytes viable after 
t days of incubation was 55 per cent for the lymph node and 65 per cent for 
the blood lymphocytes. The average 10 per cent survival time was 7.7 days 
for the cells of the lymph nodes and 9.2 days for the blood lymphocytes (Table 
I). To summarize, normal human lymphocytes had a 50 per cent survival 
time of more than 4 days, and 10 per cent of the cells survived about 8 days. 
Furthermore, the lymphocytes of the blood showed somewhat better survival 


than those from the lymph nodes under the present conditions of investigation. 
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A few incidental observations were made on other types of cells in nor- 
mal blood. The neutrophils survived only 2 to 4 days while the eosinophils 
and monocytes survived many days. After 6 or 8 days, a few suspensions de- 


rived from normal blood developed large macrophages with large hyaline 


nuclei, prominent nucleoli, and many large granules. Incompatibility of the 
cells and serum due to different ABO blood groups caused the granulocytes to 


phagocytize and hemolyze the red blood cells with the production of multiple 
large cytoplasmie vacuoles. 

X-Rays.—The morphologie changes in human lymphocytes irradiated with 
x-rays were studied both by time-lapse cinemicrography and by daily observa- 
tions of the slides. After irradiation with 4,000 r, many lymphocytes from 
lymph nodes and from blood developed, in a few hours, nuclei which were 
bi- or trilobed or had other irregularities in shape. In time-lapse cinemicrog- 
raphy the cells had an oscillatory movement which became motionless a few 
hours after irradiation. The loss of oscillatory movements was considered 
to be an indication of the death of the cell. This death developed both in 
lymphocytes with normal morphology and in those with lobated nuclei. The 
killed cells were usually round and the nueleus had dark chromatin masses 
with very light nueleoplasm. The dead lymphocyte underwent slow  post- 
mortem changes and developed a shrunken round nucleus, blurred chromatin 
masses, a heavy nuclear wall, clear edematous eytoplasm, and a thin promi- 
nent cell wall. Ultimately the nucleus disappeared leaving a small, shrunken 
granular cell. The changes in the human lymphocyte after 4,000 r were similar 
to those observed in rabbit thymoeytes treated with 4,000 or 10,000 r and 
deseribed previously as death by delayed fixation. 

After treatment with 1,000 r or less, the human lymphocytes developed 
a large intranuclear vacuole surrounded by a dark chromatin ring. Most, but 
not all, degenerating cells underwent rapid changes in shape with the forma- 
tion of lobulations. The chromatin ring persisted for a short time, then rup- 
tured and contracted to give a structureless dark pyknotie nucleus. This 
process of death by intranuclear vacuolization and lobulation was similar to 
that observed in rabbit thymocytes after 1,000 r. 

The survival curves of the irradiated and nonirradiated lymphoeytes of 
the lymph node from Patient H60 is shown in Fig. 1 on semilogarithmic paper. 
The curves are not linear indicating that death of these cells cannot be con- 
sidered a mononuclear reaction. The 10 per cent survival time was 1.3 days 
after 1,000 r and 5.4 days after 2.r. After 5.7 days’ incubation, the cells in 
the control suspension showed 38 per cent survival while the cells treated with 
2 r had a survival of only 0.8 per cent, 

Several experiments were done to determine the minimum dosage that 
produced an effect on the lymphocytes from lymph nodes of 5 and from the 
blood of 2 patients (Table Il). In 3 experiments, 2 r produeed a small (3, 9, 
and 19+ per cent) but consistent decrease in the 10 per cent survival time of 


the lymphocytes from 3 lymph nodes. A dosage of 3 to 5 r produced greater 
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(14 to 39+ per cent) decreases in the 10 per cent survival times. It may be 


concluded that human lymphocytes are sensitive to dosages of x-rays as small 
as2toodr, 


% OF LYMPHOCYTES SURVIVING 


1 
4 


DAYS OF INCUBATION 


Fig. 1.—Survival curves showing the effect of 2 to 4,000 r of x-rays on the survival of 
lymphocytes from the lymph node of Subject H60. The node was obtained from the axilla of 
a OS-year-old white man with the clinical diagnosis of duodenal ulcer. The histologic diagnosis 
on the node was chronic lymphadenitis. 


TABLE Il. THe Errecr OF SMALL Dosaces or X-RAYS ON THE 10 Per CENT SURVIVAL 
TIMES OF HUMAN LYMPHOCYTES FROM LYMPH Nopes or 5 PATIENTS AND FROM 
THE BLoop or 2 PATIENTS 


10 PER CENT SURVIVAL TIME IN DAYS AND IN PERCENTAGE OF CONTROI 
(DOSAGE OF X-RAYS) 
SOURCE NONE aR 10 k 


Lymph nodes 
1160 7+ 5.40 (<81 G%) 4.08 (<61 &% 3.78 (<56 
H70 5. 5.30 (91%) 4.63 (SOG ) 3.60 (62%) 
H507 5.0 (60%) 
H557 a 4.12 (56%) 
11608 1.59 ) 4.08 (60%) 
Blood 
H604 7.25* (86%) 5.385 (64%) 
H624 4.464 (72%) 3.06 (49%) 
*Three roentgens. 
*+Four roentgens, 


The effect of varying amounts of x-rays is shown in the dose-effect curve 
of Fig, 2 where dosage is expressed in roentgens on a logarithmic seale and 
the effect as the 10 per cent survival time in days. The data obtained on the 
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cells from 5 patients can be represented by a single linear curve. A regression 
equation for the data was calculated to be: y 5.78 — 1.55 log x where x 
is the dosage of x-rays and y is the 10 per cent survival time. In this equation 
the slope of the line is expressed by the coefficient of log x and is, disregard- 
ing the negative sign, 1.55 days per log dose. It should be noted that the slope 
of the line is an important statistic as it may be considered a measure of the 
variability of the sensitivity of the individual lymphoeytes. 


o 
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10% SURVIVAL TIME- DAYS 


X-RAY S — roentgens 


Fig. 2 A dose-effect curve showing the effect of 2 to 1,000 r of x-rays on the 10 
per cent survival time of lymphocytes derived from the lymph nodes of 5 patients. The linear 
curve in the graph represents the calculated regression line for the equation: y 5.78 1.55 
log x. 


The regression equation represents the radiosensitivity of the human 
lymphocytes of lymph nodes. It is, however, desirable to have a single index 
of radiosensitivity. An index ean be set up by taking a single point in the 
curve using either an arbitrary time interval or an arbitrary dose as standard. 
The dosages that produeed a 10 per cent survival time of 5 days is, according 
to the regression equation, 62 r, and this figure ean be used as an index of the 
radiosensitivity. A more convenient and direct method of measuring sensi- 
tivity is to determine the effect of a given dose of x-rays, such as 1,000 r. The 
10 per cent ST-1,000 r was directly measured for 6 lymph nodes and was found 
to vary from 1.28 to 1.87 days with an average of 1.48 days (Table 1). 

The effect of x-rays on lymphocytes from the blood of nonleukemie indi- 


viduals is presented in Fig. 3. The data for the cells of 6 individuals ean 


be represented by a singie linear dose-effect curve with this regression equa- 
tion: y 6.65 — 1.78 log x. The slope of the curve is 1.78 which is not 
definitely different from that (1.55) for lymph nodes in Fig. 2. It 


has 
been seen previously that 62 r of x-rays produced a 10 per cent survival time 
of 3 days in lymphocytes from lymph nodes. The comparable figure for lym- 
phocytes of blood is 111 r. The lymphocytes from human blood appeared to 
be less sensitive to x-rays than those from human lymph nodes. 
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10% SURVIVAL TIME-DAYS 


30 


X-RAYS - roentgens 
i Fig. 3 \ dose-effect curve showing the effect of 3 to 1.000 Yr of X-rays on the 10) per 
_ cent survival times of lymphocytes derived from the blood of 6 patients. The regression line 
7 represents the equation \ 6.65 1.78 log x. 
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Fig. 4.—Probit curves showing the 
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were derived from the blood of 19 
and from 31 patients with chronic lymphocytic leukemia or lymphosarcoma 
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A group of 19 normal individuals were studied to determine the variability 
of the measure of radiosensitivity of their blood lymphocytes to 1,000 r, and 
the data are summarized in Table 1. The 10 per cent survival time after 1,000 
r varied from 1,08 to 2.24 days with an arithmetic mean of 1.71 days, a stand- 
ard deviation of 0.32 days, and a coefficient of variation of 19 per cent. It 
should be noted that the observed variability ineluded both the experimental 
error of measurement and the variability of the reactions of lymphocytes 
from patients with a variety of diseases. 

Fig. 4 presents a cumulative frequeney curve of 10 per cent ST-1,000 r 
for blood lymphocytes of 19 nonleukemie individuals. The ordinates are the 
logarithms of the 10 per cent ST-1,000 r and the abseissas, the cumulative 
frequency in probability units. It is seen that the curve is a straight line with 


a median of 1.7 days. The figure also shows the previously published cumula- 


tive curve for 51 patients with chronic lymphocytic leukemia or lympho- 


sarcoma in leukemic phase. The difference in slopes of the 2 eurves is a 
graphic representation that the patients with leukemia are more variable in 
respect to radiosensitivity of their blood lymphoeytes than nonleukemie indi- 


viduals. 
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Fig. 5.—A dose-effect curve showing the effect of 0.3 to 10 svg of nitrogen mustard per 
milliliter of suspension on the 10 per cent survival times of lymphocytes derived from the 
lymph nodes of 3 patients. The regression line represents the equation: y 3.93 2.56 log x. 

Radiomimetic Agents.—A dose-effect curve was obtained for the eytotoxie 
action of nitrogen mustard on the lymphoeytes of lymph nodes of 3 patients 


(Fig. 5). The regression equation is: v 3.93 256 log x. The cor- 
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responding dose-effect curves for blood lymphocytes are given in Fig. 6. 
The statistical data are summarized in Table I. Treatment of lymphocytes 
with 3 ug per milliliter of nitrogen mustard reduced the average 10 per cent sur- 
vival time to 2.16 days for lymph node lymphocytes and to 2.04 days for blood 
lymphocytes. The slopes of the dose-effect curves were approximately 2.56 
days per log dose for the lymph nodes between dosages 0.3 and 10 ng per milli- 
liter and 3.04 for blood lymphocytes between dosages 1.0 to 10.0. These slopes are 
greater than those for the effect of x-rays on lymphocytes of lymph node and 


blood. 
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NITROGEN MUSTARD - po/mi. 

Fig. 6.—A dose-effect curve showing the effect of 1 to 10 yg per milliliter of nitrogen 
mustard on the 10 per cent survival times of lymphocytes derived from the blood of 3 patients. 
The regression line represents the equation: y¥ = £96 3.04 log x. 

The effeet of triethylene melamine on the lymphocytes of blood from 3 
individuals is shown in Fig. 7. The slopes of the dose-effect curves are rela- 
tively low, 1.20 days per log dose. A dosage of 0.3 ng per milliliter resulted in a 
10 per cent survival time of 2.21 days. It is seen in Table I that, according to 
the cytotoxic effect on human blood lymphoeytes, a dosage of 0.3 ng per milliliter 
of triethylene melamine was approximately equivalent to 3.0 ug per milliliter of 
nitrogen mustard and to 1,000 r of X-rays. 

Incidental cytologic observations were made on the effeets of the chemical 
agents on lymphocytes. Large doses of nitrogen mustard (30 ng per milliliter) 
or of triethylene melamine (3 pug per milliliter) caused the formation of bi- 
and trilobed nuclei, cessation of oscillatory movements, and death with tem- 
porary preservation of nuclear struetures followed by slow post-mortem 
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changes. Lower dosages of the two agents (3 and 0.3 ne per milliliter, respee- 
tively) caused intranuclear vacuolization with or without lobulation and death 
with the formation of a dark structureless pyknotie nucleus. The radiomi- 
metie agents produced the same two types of death as x-rays, namely, delayed 
fixation and intranuclear vacuolization. 
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10% SURVIVAL TIME -DAYS 


TEM - po/ mi 


Fig. 7.—A dose-effect curve showing the effect of 9.01 to 3 we per milliliter of triethylene 
melamine on the 10 per cent survival time of lymphocytes derived from the blood of 3 
patients. The regression line represents the equation: y = 1.62 1.20 log x. 


DISCUSSION 

This paper presents data on the sensitivity of human lymphoeytes to x-rays 
and radiomimetie agents. In this initial survey only a few individuals were 
tested and the statistics represent only a first approximation. The findings 
depend, of course, on the experimental conditions used and further studies are 
needed to determine the effect of variation of the conditions on the indices 
of sensitivity. 

This study shows the feasibility of the slide chamber method to provide 
quantitative and qualitative data. The method measures such quantities as, 
the survival time of cells in vitro, the cytotoxicity of a reagent, the rapidity 
of its action, and the sensitivity of different types of cells to a reagent. The 
method also provides almost ideal conditions for the microscopic and cine- 
micrographie study of cells for prolonged periods of time. 

The present findings may be compared to those obtained previously on 
the radiosensitivity of human blood cells by the method of unstained cell 
counts." It should be first noted that the present and previous experimental 
conditions were quite different. In the present method, the suspension con- 
tained about 1.5 cells per micromilliliter, the cells were irradiated and ineubated 
in a chamber containing only a small amount of air (equal to 1.2 volumes of 
liquid) ; the cells were quiescent and resting on glass during the incubation, 
and the morphologie characteristics of the lymphocytes were used as criteria 
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of viability. In the unstained cell count method, the suspension contained 
about 100 cells per micromilliliter; the cells were irradiated and ineubated in 
a test tube containing a considerable amount of air (20 times the volume of 
suspension). During ineubation the cells were shaken continuously, and the 
viability was determined by the capacity of the cells to resist staining with 
eosin. The comparison of the two methods is limited by the facet that in the 
chamber method only the lymphocytes were counted while all the nucleated 
cells were counted by the unstained cell method. According to the chamber 
method, human blood lymphoeytes had a 10 per cent survival time of 9.2 days 
which was reduced to 1.7 days after irradiation with 1,000 r. With the un- 
stained cell method, the blood cells had a 10 per cent survival of 5.5 days for 
untreated cells and 2.6 days for irradiated cells. In spite of the differences 
in the experimental conditions, the 2 methods gave comparable results. 

One finding in the present work seemed surprizing and is worthy of note. 
The human lymphocytes were found to give an appreciable reaction to irradia- 
tion with as small a dose as 5 r or less. Few biologie reactions are sensitive 
to this dose. In contrast, the lymphocytes from the rabbit thymus required 
about 50 r to produce a perceptible decrease in the survival time according to 
the method of unstained cell counts.” 

In comparison to the lymph node lymphocyte, the blood lymphocyte re- 
quired about 2 times the dosage to producg the same effect in 3 days. Trowell! 
found that the blood lymphocytes of the normal rat required 6 times the dosage 
as the lymphocyte from the lymph node to produce the same amount of dam- 
age in 5 hours. In both rat and man, the lymphocyte of the blood seemed less 
radiosensitive than those from the lymph node. It is not known, however, 
whether the observed lower radiosensitivity of the human blood lymphocyte 
is due to (1) an innate difference in the two types of lymphoeytes, (2) differences 
in experimental conditions such as the greater number of granulocytes associ- 
ated with the blood Ivmphoeytes, (3) differences in the underlying conditions 
of the patients who provided the blood and lymph node specimens, or (4) the 
greater survival time (9.23 days) of the untreated blood lymphoeytes com- 
pared to that (7.75 days) for lymph node lymphoeytes. 


SUMMARY 


Human lymphoeytes from blood and lymph nodes survived satisfactorily 
in slide chambers with 10 per cent @f the cells usually surviving & or 9 days. 
The 10 per cent survival time was reduced to about 2 days by 1,000 r of x-rays, 
3.0 ug per milliliter of nitrogen mustard or 0.3 pg per milliliter of triethylene 
melamine. The slope of the dose-effect curves was greater for nitrogen mus- 
tard than for x-rays or triethylene melamine. The lymphoeytes of the lymph 
nodes appeared to be twice as sensitive to x-rays as those of the blood. A 
dosage of 2 to 5 r sufficed to produce a perceptible toxie effeet on the human 
lymphocytes. 

The human lymphoeyte, like the rabbit thymocyte, showed two distinct 


morphologie reactions to x-rays. The lymphoeyte died by means of delayed 
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fixation after treatment with 4,000 r, and by intranuclear vacuolization, lobu- 


lation, and pyknosis after 1,000 r. The two radiomimetice agents tested pro- 
duced the same two types of death depending upon the dosage of the reagents. 


The biopsies of lymph nodes were made available through the kind cooperation of Dr. 
William S. Walsh. My thanks are also extended to June Zerwekh, Melchior Carino, and 


Burnell Coleman for technical assistance. 
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THE USE OF DITSOPROPYLFLUOQROPHOSPHATE® FOR THE 
DETERMINATION OF IN VIVO RED CELL SURVIVAL AND PLASMA 
CHOLINESTERASE TURNOVER RATES 
JoserH R. Bove, M.D.** 


M.D.,* AND FRANKLIN G. 
Hanover, N. H. 


HSOPROPYLFLUOROPHOSPHATE (DFP), one of the alkyl fluoro- 
phosphates, is a potent inhibitor of cholinesterase activity in vitro and 
in vivo. This inhibition is irreversible and will oceur in vivo after the oral or 
parenteral administration of the drug. Serum and erythrocyte cholinesterases 
are extremely sensitive to the action of DFP, and after it is given their levels 
will be reduced significantly before peripheral effects are noted. 


EBAUGH, 


In 1947, Grob and associates! administered DFP to human beings and 
found that the rate of regeneration of cholinesterase activity in erythroeytes 
was 1.2 per cent per day. Jandort and MeNamara® used radioactive DFP* in 
rabbits and found that the elimination of P* activity from their erythrocytes 
paralleled the reappearance of cholinesterase in them. Cohen and Warringa® 
studied red cell and plasma radioactivity after the intramuscular injection of 
DEP* into 2 patients. In these subjects red cell radioactivity decreased to zero 
in about 120 days. 


The present study was undertaken to evaluate DFP as an erythrocyte 
tagging agent with the following points in mind: 


Red cell and plasma uptake of DFP after in vivo and in vitro tagging. 

2. In vivo survival of erythrocytes labeled with DFP*® in vivo and in vitro. 
3. Absorption of P** from the gastrointestinal tract after oral administration 

of DFP*-labeled blood. This is important if DFP**-tagged red cells are to 
be used for quantitation of blood loss in patients with digestive traet hemor- 
rhage. 


METHODS 


P82 was suspended either in sterile peanut oilt or 
in propylene glycol.{ 

Subjects.—All_ subjects were adult male hospital personnel in good health. Their 
hemoglobin and hematocrit values were normal throughout the period of the experiment. 
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Preparation of Samples.—Seven milliliters of blood was drawn into heparinized nylon 
syringes and placed in silicone-coated centrifuge tubes in an ice-water bath. The blood was 
centrifuged at 100 g at 5° C. for 15 minutes. The platelet-rich plasma was removed with 
a silicone-coated pipette and centrifuged at 2,000 g for 20 minutes to remove the platelets. 
Two milliliters of plasma was pipetted into a planchet for the determination of radioactivity. 
The red cells were washed 3 times with cold saline (100 g for 15 min.) and resuspended 
in saline. A hemoglobin determination was done on the cell suspension. Two milliliters 
of this suspension was pipetted into a planchet and dried at 37° C. for 24 hours before 
assay in the gas flow counter. When the scintillation counter was used, 5 mil. liquid aliquots 
were counted in cellulose nitrate test tubes. 


Radioactive Counting.—-Most radioactive counting was done using the methane gas 
in a flow window counter* operated in the proportional region. The background was 30 
«p.m, and the efficiency 34 per cent for aqueous PS? and 14.2 per cent for P®? mixed with 
the washed erythrocytes from 2 ml. of normal whole blood. In later experiments a beta 
well scintillation countert was used. The background was 50 ¢.p.m. and the efficiency for 
Ps? mixed with the washed erythrocytes from 5 ml. of blood, 6 per cent. 

Sufficient counts were taken on all samples to give a statistical counting error of 
less than 3 per cent (1 S.D.),4 except for samples obtained 90 days after injection of 
DFPs2 where the counting error was 5 per cent, and for those obtained after 100 days, 
10 per cent. 

Total counts injected in the propylene glycol DEFP%2 experiments were obtained by 
counting a known volume of the injected DFP%2 in a suspension of erythrocytes of the 
same concentration as erythrocyte suspensions used during the survival studies, 

In the experiments with DFP%2 in peanut oil, total counts injected were calculated 
from the counting efficiency for P%2 erythrocytes and the number of microcuries injected. 


The per cent uptake of DF P32 by the circulating red cells equaled: 


(e.p.m./Gm. hemoglobin at zero time) (total circulating hemoglobin) 
total counts injeeted x 300. 


Measurement of Hemoglobin.—Determinations of hemoglobin were done in duplicate 
with a Klett-Summerson colorimeter. The cyanmethemoglobin method of Drabkin5 was 


used. 


DF P32 Labeling of Erythrocytes In Vitro.—DFP%2 was added to the plasma layer of 
centrifuged A.C.D. blood which had been collected in plastic bags.§ To determine red cell 
uptake of DFP®2, aliquots were removed at intervals and washed 3 times in cold saline 
prior to measuring the P32 content of erythrocytes. An unwashed aliquot of the whole 


blood-DF P32 mixture was used as a standard. 


DF P32 Content of Stools —One part of stool mixed with 2 to 5 volumes of water was 
homogenized in a blender. Weighed aliquots were counted and compared to standards made 
from an aliquot of the ingested blood which had been mixed with homogenized normal stool. 

Sodium Chromatest Survival Studies.—Sterile sodium chromate®!) was added to A.C.D. 
blood! at room temperature for Cr51-labeling of erythrocytes.6 The concentration was 1.7 
ug of chromium per milliliter of packed erythrocytes. One hour later a weighed aliquot 


of the mixture was injected into the recipient and at the same time a second aliquot was 


*Model 210, Packard Instrument Co., Chicago, Ill. 
+Baird Atomic Instrument Co., Cambridge, Mass. 


tHemoglobin standard supplied by the National Academy of Sciences, National Research 
Council, through the kindness of Dr. William Crosby. 


§$Fenwal Corporation, Ashland, Mass. (500 ml. whole blood plus 75 ml. U.S.P. and N.LT. 
“Formula A” ACD solution). 


|Abbott Laboratories, North Chicago, Il. 


{Two and five-tenths milliliters of NIH Formula A acid citrate dextrose plus 10 to 15 ml. 
of whole blood, 


918 BOVE AND EBAUGH J. Lab & Clin Med. 
une, 1958 
washed 3% times in saline for use as a standard, Seven milliliter samples were taken from 
the recipient at 10 minutes, 24 hours, and at intervals for 52 days. These were washed 
3 times in saline and counted in a well-type scintillation detector. No correction for elution 
Was applied.® 
Calculation of Red Cell Mass and Plasma Volume.—The total red cell volume was 
estimated as 29 ml. per kilogram of body weight times the subject's hematocrit value over 
47.7 Total body hemoglobin was obtained by multiplying red cell volume by 0.33. The 
plasma volume was calculated from the estimated red cell volume using the following 


formula: 


(red cell volume) 100 0.9 « hematocrit ) 
Plasma volume 
0.9 hematoerit 


where the plasma volume and red cell volume are in milliliters and the hematocrit in 
volumes per cent. 
RESULTS 

Volatility of DFP”’—DFP* volatilizes from peanut oil in an exponential 
fashion with a half-time of 13.9 © 4.0 minutes (range 10.5 to 18.6). In one 
experiment DFP volatilized from propylene glycol exponentially with a half- 
time of 85 minutes. 

In Vivo Uptake of DFP” by Erythrocytes and Plasma.—Kach subject re- 
ceived 0.9 mg. of DFP in peanut oil, or from 0.5 to 0.7 mg. of DFP in 
propylene glyeol, by deep intramuscular injection. For each subject a graph 
was drawn using the number of counts per minute per gram of circulating 
hemoglobin as the vertical axis and time in days as the borizontal axis. From 
this graph the number of counts per minute per gram of hemoglobin at zero 
time was obtained by using the method of least squares to extrapolate the line 
to the vertieal axis.* 


bXxv ) 


where x counts per minute per gram of circulating hemoglobin, y time 
in days, n the number of observations, and of, the standard error of pre- 
diction. 

With DFP in peanut oil, 38.5 + 2.7 per cent (range 33.6 to 44.2 per cent) 
of the injeeted radioactivity was taken up by erythrocytes. When DFP* in 
propylene glycol was used, 25.1 £ 3.4 per cent (range 21.1 to 29.0 per cent) 
was taken up by them. 

To obtain the amount of DFP in the plasma at zero time, the initial 
steep portion of the plasma radioactivity curve was extrapolated to the vertical 
axis in Subjects 1, 2, 5, 8, and 16. After injection of DFP** in peanut oil, 


8.9 5 2.9 per cent (range 6.2 to 12.1 per cent) of the radioactivity appeared 
in the plasma. 
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Red Cell Survival After Tagging In Vivo With DFP”?.—The red cell radio- 
activity of 8 normal subjects decreased in linear fashion at a rate of 0.80 + 0.07 
per cent per day (Fig. 1) with the extinction point at 124.6 © 11.0 days. 


RBC SURVIVAL 
MEAN DAYS 


PERCENT INITIAL RADIOACTIVITY 


20 40 60 80 100 120 


DAYS 


Fig. 1.—For each of 8 subjects a straight line was drawn by the method of least squares 
using counts per minute per gram of hemoglobin as ordinate and time as abscissa. The value 
for the point at which this line crossed the ordinate (c.p.m. per gram of hemoglobin at zero 
time) was taken as 100 per cent. In the above figure all data for each subject were expressed 
as per cent of the R.B.C. radioactivity (at 0 time). 


Because of a rapid initial fall of radioactivity in the red cells of the first 
S volunteers studied (Fig. 1), 4 additional subjects were given intramuscular 
injections of from 0.5 to 0.7 mg. of DFP® in propylene glycol. In these, 8 
observations were made on each subject during the first 10 days (Fig. 2). Dur- 


ing this period the average slope was equivalent to an erythrocyte lifespan of 
525 7 (range 44 to 59) days. The rate of fall was greatest during the first 
5 days. Analysis of the data from the fifth to the thirty-second days showed 
a mean red cell lifespan of 117 + 36 days. 


Plasma Activity After Labeling In Vivo.—The curves of radioactivity in 
plasma after in vivo tagging are shown in Fig. 3. The initial rapid decline of 
the plasma radioactivity is considered to be due to mixing of labeled protein 
with extravascular protein. The slower exponential components with a half- 
time of 16.6 + 5.6 days probably represent the turnover of plasma cholinesterase 
and the elution, if any, of P** from it. 

Labeling of Erythrocytes In Vitro by DFP*.—In 2 experiments DFP* in 
propylene glycol was added to the plasma layer of centrifuged A.C.D. blood 
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g DFP*® per milliliter A.C.D. blood), and in 2 experiments DFP" in 
peanut oil (3 ag and 9 phe DEP per milliliter A.C.D. blood) was used. The 
per cent of added radioactivity contained in thrice washed erythrocytes at 


various intervals of time is shown in Fig. 4. 


INITIAL 


% 
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hemoglobin the first day after injection of DFP. 
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2.—Red cell P® activity after an intramuscular injection of DFP*® in propylene 
All points for each subject are expressed as a percentage of the c¢c.p.m. per gram of 


SUBJECT 2 SUBJECT 5 SuBJECT 6 


SUBJECT | SUBJECT 4 SUBJECT 6 SUBJECT 7 


DAYS 


Radioactivity in the plasma of 8 subjects after the intramuscular injection of DPF®, 
Semilogarithmic plot. The lines were drawn by inspection. 
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Fig. 4.—In vitro uptake of DFP® by erythrocytes at room temperature. @© = DFP” 


in propylene glycol (2 ug/ml. A.C.D. blood); A = DFP® 
[] = DFP® in peanut oil (9 ywe/ml. A.C.D. blood). 
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Fig. 5.—P® activity in thrice washed erythrocytes following the transfusion of blood 
labeled in vitro with DFP®, The P* activity is plotted as a percentage of the activity in 
the erythrocytes cf the 10-minute sample. 


20 
5 f 
60 
4042 
© 
10 
© 
“ee 
0 


Joo BOVE AND EBAUGH J. Lab. & Clin. Med 


June, 1958 


Red Cell Survival In Vivo After Tagging In Vitro With DFP*®.—In one 
subject (13), 10 minutes after a transfusion of whole blood tagged in vitro with 
a. DEP, 102 per cent of the injeeted red cell radioactivity was present in the 
recipient's circulation. This was determined by dividing the total injeeted 
: ¢.p.m. contained in thriee washed erythroeytes from the transfused blood by the 
ta estimated total body hemoglobin of the recipient. The figure thus obtained 
: was compared to the observed counts per minute per gram of circulating hemo- 
| globin in the recipient 10 minutes postinjection. 
100 
suRvivaAL AFTER 
PRIOR IN VITRO LABELLING 
WITH DFP32 

= 

= 
SS 
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Cr" survival of erythrocytes after prior 24-hour exposure to 2 ye of DFP® per 
milliliter of blood 


In Subjects 13 and 14 the erythrocytes were tagged for 4 hours at room tem- 


perature and in Subjeet 15 for 6 hours at room temperature and 18 hours at 5 
(. In 3 subjeets, during the first 24 hours after injeetion of in vitro tagged 


blood, there was a rapid decline of P* in erythroeytes to values of from 10 to 
20 per cent of the injected amount (Fig. 5). Forty-eight hours after 
injection the rate of decline of P* activity in erythroeytes was about 2.1 per 
cent per day for Subject 13, 1.5 per eent per day for Subject 14, and 2.4 
per cent per day for Subject 15. The rapid initial loss of radioactivity can be 
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explained either by rapid removal of tagged cells after transfusion or be 
“elution”” of DFP from the circulating erythrocytes. In Subjeet 16, whole 
A.C.D. blood was labeled in vitro for 24 hours with 2.0 ng DFP per milliliter 
of A.C.D. blood and then tagged with sodium chromate’. The ehromium”! 
survival of these cells (Fig. 6) was normal, indicating that DFP** does not 
alter the Cr’ survival of erythrocytes and that the initial rapid decline in P** 
activity of these erythroeytes is most likely due to ‘‘elution’’ of P*? (from the 
circulating R.B.C.). 


Excretion of Radioactivity From the GA. Tract After the Ingestion of 
DFP®-Labeled Blood.—Five normal volunteer medieal students ingested 80 
ml. of unwashed blood which had been tagged in vitro with 2.0 pe of DEP 
per milliliter of blood. Fourteen per cent of the added DFP* was bound to 
the thrice washed erythroeytes. Stools collected for 6 days were analyzed for 
P** content and 97.2 © 9.7 per eent of the ingested radioactivity was recovered 
(Table 1). 


TabLe Per Cent Recovery 6-Day Stoo. CoLLECTIONS OF NorRMAL HUMAN BEINGS 
AFTER ORALLY ADMINISTERED UNWASHED DFP22-Taccep WHoLe A.C.D. BLoop 


Subject 16 17 18 
Per cent recovery 106 107.6 SS.1 


DISCUSSION 


Estimation of In Vivo Erythrocyte Survival by Intramuscular Injection of 


—During the first 5 or 10 days after intramuscular injection of 
the P** content of circulating erythroeytes decreased at a rate faster than could 
be expeeted from red cell destruction alone. Thereafter the decrease oeeurred 
at a linear rate, 0.80 per cent per day. This strongly suggests that DFP*, 
once affixed to erythroeytes in this manner, stays firmly bound after the first 
5 to 10 days and that the P** activity measured represents the survival of the 
erythroevtes. Our data and the previous work of others’ **'° are in agree- 
ment with this interpretation. The reason for the early rapid decline of red 
cell DF P* was not determined in these studies. DEFP** does label platelets!) ™ 
and leukoeytes.'* '* Since nearly all the platelets were removed in the prep- 
aration of the red cells for counting they are probably not responsible for 
the early rapid fall. We did not remove the leukocytes and cannot exclude the 
possibility that there was sufficient tagging of them to give what appeared to 
be an inereased rate of red blood cell P*®? decline in the first 5 to 10 days. The 
possibility that a small amount of P** *‘elutes’’ from erythroeytes during this 
early period cannot be excluded either. Because of this early rapid deeline in 
radioactivity of red cell P®, it does not appear feasible to get an accurate estimate 
of red cell survival in vivo during the first 10 days after injection of DFP*. 

Binding of DFP*® to Red Cells In Vitro and the Survival of These Eryth- 
rocytes In Vivo.—Erythroeytes from A.C.D. blood are capable of binding ap- 
proximately O.8 ng of added DFP? per milliliter of packed eryvthroeytes at 
25° (. Most of this binding occurs within the first 4 hours, and no significant 
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additional labeling occurs during the next 20 hours. Erythrocytes exposed to 
DEP for 4+ hours or 24 hours prior to transfusion show essentially the same 
rapid fall in red cell P® activity after transfusion and the normal Cr*? sur- 
vival of such erythroeytes strongly suggests that this initial fall is due to 
‘elution’? of DFP and not to erythrocyte damage. 

Rate of Plasma Cholinesterase Turnover as Measured by DFP*?.—The 
initial rapid fall of radioactivity in plasma after intramuscular injection of 
DEP is quite similar to the rapid fall found after the injection of S*- or [''- 
labeled albumin.” It is probably due to mixing of the tagged proteins with the 
extravascular protein pool.” The second slower component appears to be ex- 
ponential and is probably due both to the replacement of tagged proteins and 
to the elution of radioactivity from this protein since a similar half-life has 
been found for I''-labeled albumin.’ Others have shown that the half-life of 
biologically labeled albumin® and gamma globulin" is 30 days. 

Absorption of Radioactivity From the Gastrointestinal Tract After Feed- 
ing DFP*”-Labeled Blood.—In this study it was found that little, if any, P** 
from orally administered DEFP*-whole blood mixture was absorbed from the 
gastrointestinal traet. Cohen and Warringa’ have shown that only 5 per cent 
of the P® from an intramuseularly injected dose of DFP** can be recovered 
from the stools in 20 days. These two results suggest that the amount of 
blood lost in gastrointestinal hemorrhage may be quantitated with DFP by 
simultaneously measuring the P*? content of the patient’s stools and blood. 

Comparison of DEP? With Sodium Chromate®! for the Determination of 
In Vivo Erythrocyte Survival Time.—DFP™ offers the following advantages 
over sodium chromate”! for the measurement of erythroeyte survival time. (1) 
After the first 10 days the rate of fall of P® in erythrocytes is the same as that 
of transfused erythroeytes whereas Cr*! ‘‘elutes’’ from the cireulating red 
cells at a rate of about 1 per cent a day." (2) More efficient in vivo labeling 
takes place after the intramuscular injection of DFP than oceurs after the 
intravenous injection of sodium chromate®!.® 

Among the disadvantages of the DFP** method are the following. (1) 
Under the conditions employed by us, DFP is far less effective for in vitro 


labeling than is sodium chromate’'. (2) The beta emission of P*? is more 
difficult to count than is the gamma emission of Cr®*'. (3) The half-life of P* 
(14 days) is shorter than the half-life of Cre! (28 days). (4) The red cells 
must be washed with saline before radioactive assay to remove plasma_ radio- 
activity. 


SUMMARY 


1. After the intramuscular injection of 0.5 to 0.7 me. of DE P*? into normal 
subjects, 21 to 41 per cent of the injected dose appeared in the cireulating 
erythroeyvtes and 6 to 12 per cent in the plasma. 

2. The rate of fall of radioactivity in erythrocytes was 0.80 per cent per 
day when measured over a 90-day period. A more rapid deerease of P*? in 
erythroeytes occurred during the first 10 days after intramuseular injection 
of DFP** (1.9 per cent per day). 
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4. After intramuseular injection of DFP, a half-time of 16.6 days was 


found for the plasma P* disappearance. 


4. Ervthroevtes exposed to DF P*? in vitro from 6 to 24 hours at 25° C. 
| 


hound approximately 0.8 pg of DFP* per milliliter of packed erythroeytes 
washed 3 times. Twenty-four hours after transfusion of these in vitro labeled 


erythrocytes, 90 per cent of the original content ‘‘eluted’’ from the circulating 
red blood cells. 


5. Ninety-seven per cent of the radioactivity from orally ingested 


DEFP**-taeged blood was excreted in the feces. 
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WHOLE BLOOD TRANSAMINASE LEVELS IN ANEMIA 


MARTIN Sass, M.S., AND Paut W. Spear, M.D. 
BROOKLYN, N. Y. 


LUTAMIC oxalacetic transaminase (GOT) aetivity has been reported to 
occur in both serum and whole blood of human beings.' No significant 
variations of whole blood activity, which is approximately 10 times greater 
than that of serum, could be found in a large number of pathological con- 
ditions.' To our knowledge, further study of this enzyme system in the blood 
of human beings has been limited to investigations on the effect of pyridoxine sup- 
plementation and deficieney on whole blood levels of this pyridoxine-linked 
enzyme, 

During a recent investigation on the effect of isonicotinie acid hydrazide 
on whole blood transaminase activity,t marked variations of GOT activity were 
noted in patients with certain anemias.*° This report is concerned with the 
presentation of data on these variations during periods of inereased marrow 
activity associated with red cell proliferation. The results suggest that al- 
terations in the average age of the cireulating erythrocytes are accompanied 
by changes in the transaminase activity of the whole blood. 


EXPERIMENTAL 


Subjects.—The patients selected for this study were separated into 3 categories. The 
first, Group A, served as a control group and consisted of a series of patients with a variety 
of medical and surgical complaints. No hematologie abnormalities were demonstrated in 
this group. The second, Group B, served as a control on the effect of anemia per se on 
GOT activity, This group was composed of patients with chronic anemia unassociated 
with hemorrhage or hemolytic episodes. Included in this category were several cases of 
megaloblastic anemia as well as two cases whose only demonstrable abnormality was 
sickle-cell trait. The third, Group C, was composed of a series of patients with hemolytic 
anemia including sickle-cell anemia, thalassemia, congenital spherocytosis, plumbism, and 


acquired hemolytic anemia secondary to a variety of disorders. 


Laboratory Mcthods.—Blood was colleeted into dry balanced oxalate?! and a 
1:20 dilution was prepared in distilled water. The diluted whole blood was centrifuged 
at 2,500 rpm. for 15 minutes to remove particulate matter. The clear supernatant was 
analyzed for transaminase activity routinely on the same day. In several cases, where 
necessary, this hemolyzate was stored at -20° C. for several days prior to analysis, Its 
hemoglobin content was also determined and all GOT values were calculated on the basis 
of an arbitrary 100 mg. hemoglobin to provide a rough comparative measure, 

A modification® of the spectrophotometric procedure developed by Karmen® was used 
for the estimation of the glutamic oxalacetic transaminase activity. For this assay, a 


0.2 to 0.3 ml. aliquot of the 1:20 dilution of whole blood was analyzed. Readings were 
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taken in a Beekman D.U. speetrophotometer, one unit representing an optical density 
change of 0.001 O.D. unit per minute, in a total volume of 3.0 ml, under the conditions 
specified, All operations were carried out at room temperature. The temperature co- 
efficients developed by Steinberg and associates? were found to be satisfactory in our hands 
and were used to correct the values to a standard temperature of 25° C. Plasma GOT 
levels were carried out in the same manner using 0.2 to 0.5 ml. aliquots of undiluted plasma 
obtained from the same oxalated specimen of blood. 


Hemoglobin was determined by estimating oxvhemoglobin content at 540 my in the 
seckman spectrophotometer, This instrument was standardized for hemoglobin by the 


manometric procedure of Van Slyke and Neill.s 


RESULTS 

Although the term “whole blood transaminase” has been used through- 
out this study there is evidence to indicate that the major portion of this 
GOT activity resides in the red cells. Table I compares the GOT activity of 
whole blood with that of washed erythrocytes. It seems clear that, in normal 
blood, the enzyme activity contributed by both the plasma and the components 
of the “buffy” coat is insignificant. The serum GOT values of the patients 
studied in this investigation were within the normal range of 9 to 40 units 
per milliliter. Although subsequent studies were done on dilutions of whole 
blood for convenience, the values reported reflect the GOT activity of the 
red cell contents. 


lL. GOT Activity or WASHED Rep CELLS VERSUS WHOLE BLoop 


GOT UNITS/LOO MG. HEMOGLOBIN 
SAMPLE WASHED CELLS WHOLE BLOOD 
390 440 
1,770 1,700 
3 480 470 
Mean SSO) S70 


*Sample from a patient with acquired hemolytic anemia. 


The GOT activity in the blood of a group of 22 patients (Group B) with 
mild to severe chronie anemia was studied to ascertain whether or not the 
range of blood transaminase values was consistent with that obtained in a 
series of hematologically normal patients (Group A). An additional group of 
19 patients (Group C) with a variety of hemolytic anemias was also studied. 
A comparison of the mean GOT activities of Group © with those of both nor- 
mal patients (Group A) and patients with simple anemias (Group B) is pre- 
sented in Table II. 


The results indicate that the mean transaminase activity for the group 


of patients with hemolytic anemias (Group C) is approximately 2 to 24 times 
greater than the mean of either of the two control groups. Statistieal evalu- 
ation indicates that there is a strong probability that the observed differences 
are not due to chance. Perhaps even more interesting is the fact that there 
is no significant overlapping of the range of GOT activity of the experimental 
group (Group ©) with that of either of the control groups. In only one ease 
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This re- 
sult occurred in a patient who was at first presumed to have an acquired 
hemolytic anemia secondary to carcinoma (See footnote Table II). Bone 
marrow aspiration indicated the presence of malignant cells with no evidence 
of erythroid hyperplasia. 


was a value obtained that did not fit within the range of its group. 


Reticulocytosis was absent. 


TABLE IT. MEAN BLoop GOT LEVELS IN PATIENTS WITH AND Without HEMATOLOGIC 


DYSCRASIAS (+ S.E.) 


MEAN 


HEMOGLOBIN MEAN 

(GM. PER GOT 

GROUP NO. CENT) (UNITS/1I00 MG. HB.) 
A (Normal) 23° 13.2 526 + 20 


(320 — 780)* 


(Chronie anemia ) 19 9.0 507 + 19.6 


(320 — 720) 


C (Hemolytic anemia IS 8.9 1,300 + 25.6 
(860 — 2,500) 4 


*Range of values indicated by parentheses 
yr 


5 FOne value of 400 units per 100 mg. hemoglobin omitted from this range but not from 
the mean. 
7 As expected, reticulocyte counts in all of the patients in the group with 


hemolytic anemia (Group ©) were elevated. Although an attempt to cor- 
relate the reticuloeyte count with the level of transaminase activity in the 
blood was unsuccessful, further studies were carried out to determine the role 


of reticulocytes on the increase in blood transaminase activity. Oxalated 
blood containing an elevated number of reticulocytes was centrifuged in a 
capillary tube. The plasma and buffy coat were removed and the red cell layer 
was divided into 3 equal parts: top, middle, and bottom. Each section was 
reconstituted with an equal portion of its own plasma, and reticulocyte counts 
and GOT assays were done on each fraction. The results (Table IIL) indicate 
a rough correlation between the degree of reticuloeytosis and the level of 
transaminase activity. 


TABLE ITI. 


TRANSAMINASE CONTENT OF VARIOUS FRACTIONS OF CENTRIFUGED ERYTHROCYTES 


EXPERIMENT GoT PER CENT 
NO. FRACTION UNITS/100 MG. HB, RETICULOCYTES 
l Top 1.800 30.0 
Middle 1,080 OS 


Bottom 


720 


Top 1,560 28.8 
Middle 1,130 14.1 


Bottom TOO 5. 


In an attempt to ascertain the temporal relationship between the appear- 
ance of elevated blood GOT values and the appearance and degree of reticulo- 
cytosis, hemolytic anemia was produced in two rabbits by the intraperitoneal 
injection of 125 mg. of phenylhydrazine. Repeated samplings of blood, ob- 
tained by eardiae puncture, were analyzed for both GOT activity and hemo- 


globin. Reticulocyte counts were also done on the same blood samples. The 


i 
0.33 
> 0.01 
4 
5.1 : 
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data, presented in Fig. 1, demonstrate that an increase in transaminase ac- 
tivity does occur shortly after the peak in the reticulocyte response. Both 
animals, however, showed no more than a slight increase in GOT activity at 
the time when reticulocytosis was maximal. Furthermore, in Rabbit 16 
(Fig. 1), the transaminase level did not rise until after the reticulocyte count 
had dropped sharply. These relationships suggest that reticulocytes them- 
selves may not be entirely responsible for the marked increase in enzyme ae- 
tivity noted in these animals. 


Rabbit no. 16 Rabbit no. 59 


Pheny! - 


Phenylhydrozine 
hydrazine { 


Retic. % 


2 
x 
E 
° 
° 
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Fig. —Serial GOT levels in rabbits after phenylhydrazine induced hemolytic anemia 


Preliminary data are available on serial studies in several patients. One 
with sickle-cell anemia, 2 with acquired hemolytic anemia, and 2 with megalo- 
blastic anemia were studied prior to and during a course of therapy. In both 
cases of hemolytic anemia the elevated transaminase activities, obtained shortly 
after steroid therapy had been instituted, remained high despite the drop in 
reticulocyte count and the return of the hemoglobin to normal (Fig. 2). Al- 
though no intermediate values were obtained, the elevated GOT values in 
these patients had dropped to normal some 100 to 130 days after the start of 
therapy. Subsequent rises seem to be coincident with the tapering off of the 
administration of steroids. 

In the two patients with megaloblastic anemia, normal transaminase values 
were obtained prior to therapy (Fig. 3). Shortly after B,. therapy was in- 
stituted a peak reticulocytosis occurred together with a sharp elevation in 
GOT activity. Subsequent transaminase values remained elevated despite the 
drop in reticulocyte count and the return of hemoglobin to nearly normal 
levels. The return of the elevated GOT activities to normal was slow in both 
patients. In one, J. K.. a significant supplementary rise in enzyme activity 
occurred some 10 days after the patient was started on oral iron therapy. No 
reticulocytosis could be demonstrated at this time. 

In the patient with sickle-cell anemia (Fig. 4) transaminase levels were 
variably elevated, although minimally. There was no consistent trend in 
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Fig. 2.—Serial GOT levels in two cases of acquired hemolytic anemia 
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Serial GOT levels in two cases of megaloblastic anemia during therapy 
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either direction during the period studied. Similar variations in GOT ae- 
tivity were noted in one other case of sickle-cell anemia (data not presented). 


Patient: R.H. 


G.0.T. 


| 
20 
DAYS 


Fig. 4.—Serial GOT levels in a case of sickle-cell anemia. 


G.0T. UNITS/IOOmg Hb (x102) 


The inereased blood GOT activity observed in patients with anemia during 
periods of bone marrow hyperactivity and increased red cell proliferation sug- 
gested that similar findings could be expected in patients with anemia sec- 
ondary to chronic hemorrhage. The data in Table IV indicate that in the 
greater majority of such patients blood transaminase values are elevated and 
within the range of patients with hemolytic anemia (Group C). Further study 
is necessary to relate this increased GOT activity to onset, duration, and se- 
verity of the blood loss. 


TABLE IV. BLoop GOT Activity IN PATIENTS WITH ANEMIA SECONDARY TO 
CHRONIC HEMORRHAGE 


HEMOGLOBIN GoT 
SUBJECT GM. PER CENT UNITS/100 MG. HB.) 

2 300 
1,980 
1,820 
1,800 
1,780 
1,440 
1370 
1.280 
1,100 
1,050 
900 
2 720 
3 a) 660 


*Severe iron deficiency 


] 
1 
1 


DISCUSSION 
The markedly increased mean whole blood transaminase aetivity (Table 
observed in the group of patients with hemolytie anemia (Group C), both 
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congenital and aequired, eannot be correlated with the degree of anemia. The 
highest value obtained, in a case of plumbism in a child, was associated with 
a minimal anemia. Many of the lower GOT values in both groups with anemia 
(Groups Band C) were associated with moderate to severe anemia. 


Further- 
more, the mean hemoglobin values for both of these groups are almost identical 
despite the marked difference in mean GOT activity. 

Sufficient data are not available to establish the reason for the increased 
level of GOT activity in the blood of patients with hemolytic anemia. It is 
possible that immature and young cells contain larger amounts of transaminase 
enzyme and that the observed increased GOT activity is a reflection of a 
younger erythrocyte population. The finding that the transaminase activity 
in the blood of the two patients with hemolytic anemia declined slowly 
toward normal as the hemolytic process subsided is consistent with the above 
interpretation. No such correlation could be demonstrated in sickle-cell ane- 
mia (Fig. 4). 

The observations on the two patients with megaloblastic anemia before 
and during therapy provide corroborative evidence that marked erythroid 
response of the bone marrow and the consequent change in the average age 
of the circulating red cells influence the over-all transaminase activity of the 
blood. It is clear from these studies that reticulocytes are not wholly re- 
sponsible for the changes observed. 


Blood GOT levels in these patients 
remained elevated despite the return of the reticulocyte count and 
the hemoglobin to normal or nearly normal. 


9 
(I lv. 


It would appear that blood transaminase activity offers promise as an 
indicator of the influx of red cells into the peripheral circulation. A number 
of attempts have been made in the past to measure red cell proliferation in 
some terms other than reticulocyte response. Glycolytic activity of red cells, 


found to be increased in reticulocytes, has been suggested as a rough measure 


of marrow response.'® Blood cholinesterase activity, similarly increased in 
reticuloeytes,’” has been found to be increased in megaloblastie anemia afier 
therapy'’'* as well as in anemia due to blood loss." '* There have been in- 
dications, however, that this increase is frequently not seen in cases of 
hemolytic anemia or massive hemorrhage despite other indications of bone 
marrow hyperactivity.’ Blood transaminase activity, on the other hand, is 
more consistently elevated in hemolytic anemia (Table IL) as well as after se- 
vere hemorrhage (Table IV). 

The physiologic significance of the presence of an elevated level of trans- 
aminase activity in reticulocytes and, presumably, in young red cells needs to 
be clarified. These findings may indicate that transaminase enzymes play 
an important role in normal erythropoiesis. On the other hand, the apparent 
decrease in the GOT aetivity of red cells as they mature may simply reflect the 
slow destruction of many enzyme systems as a natural consequence of aging.’ 
Sufficient experimental evidence is available, however, to indicate that a defect 
in hemoglobin synthesis occurs in animals'’'* and in '* in association 


¥ 
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with a deficiency of pyridoxine, the coenzyme of transaminase. This inter- 
ference with hemoglobin synthesis could be mediated through the effeet of 
pyridoxine deficiency on the tissue level of one or more of the pyridoxine- 
linked transaminases. Further study is being carried out to clarify these re- 
lationships. 

SUMMARY 


1. Whole blood GOT levels of patients with hemolytic anemias and ane- 
mia secondary to chronic hemorrhage have been shown to be approximately 
twice as high as that of normal controls. 

2. Good correlation between reticulocyte counts and GOT levels has been 
demonstrated in various layers of centrifuged blood, 

3. In two eases of acquired hemolytie anemia, GOT levels have been shown 
to be markedly elevated, slowly returning toward normal on steroid therapy. 
No such trend was noted in siekle-cell anemia. 

4. Normal GOT levels, obtained in two cases of melagoblastie anemia in- 
creased markedly after B,. therapy. They were maintained at this level 
despite the return of the reticulocyte count and hemoglobin to normal. Sub- 
sequent determinations indicated a slow decline toward normal values over 


a period of 30 days. 


» It has been suggested that measurements of whole blood GOT activity 


may be useful as an indieator of bone marrow activity. 
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SERIAL SERUM GLYCOPROTEIN AND PROTEIN STUDIES IN 
PULMONARY TUBERCULOSIS* 
S. H. Lawrence, M.D., Henry E. Weimer, Pu.D., aNnp Davip SaLkin, M.D. 
Los ANGELES, CALIF. 


HANGES in serum proteins and glyeoproteins have been studied in a 

number of physiologic and pathologie states in both human beings and 
Elevation of glycoproteins in infections and especially tuberculosis 
has been well doeumented.2* In a recent publication’ we reported glyeopro- 
tein and protein studies on 56 tuberculous patients shortly after their admission 
to the hospital. Plasma samples were subjected to the Lever modification of 
Cohn’s fractionation technique and a determination was made of the glycopro- 
tein and protein eontents of each fraction and of the seromucoid fraction. 
These results were correlated with the x-ray and elinieal data. It was found 
that there was an increase in glycoprotein concentration in all fractions in 
far-advaneed disease, and that this inerease was roughly proportional to the 
degree of pneumonic erudation and the extent of the disease. This was most 
noticeable in the seromucoid fraction. Fresh, exudative disease showed higher 
levels than the more fibrotic variety, and far-advaneed cases showed higher 
levels than minimal or moderate eases. 

In order to further investigate the glycoprotein changes in tubereulosis, 
serial analyses were undertaken during the course and treatment of the disease. 
A similar serial analysis of the protein changes by paper electrophoresis was 
recently reported by Leggat." For the present study, a serum specimen 
from newly hospitalized patients with extensive exudative tuberculosis was 
analyzed for total proteins, total glycoprotein, seromucoid, gamma _ globulin 
protein, and gamma globulin polysaecharide. The same analyses were repeated 
at intervals of 3 to 6 months during the hospitalization. This study ineludes 
also the protein and glycoprotein levels in 85 normal, healthy medical students 
and laboratory technicians who were used as controls and establishes a set of 


normal values by this technique. Representative case reports are also added. 
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Infectious Diseases and Medicine, School of Medicine, University of California, Los Angeles, 
Calif. 
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*Due to the lack of a generally accepted nomenclature for the serum glycoproteins, it is 
advisable to define the terms employed: Total serum glycoprotein: The protein-bound hexoses 

* serum proteins precipitated by an ethanol concentration of 90 per cent by volume at 

. (expressed as mg. per 100 ml. serum). Seromucoid: The hexose moiety of the per- 
chloric acid-soluble, phosphotungstic acid-insoluble proteins occurring in serum (expressed as 
mg. per 100 ml serum). Gamma globulin polysaccharide: The hexose components of the 
protein-bound carbohydrates of the gamma globulin fraction (expressed as mg. per 100 ml. 


serum). It should be noted that an attempt has been made recently to establish uniformity 
of terminology.* 
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MATERIALS AND METHODS 

Twenty milliliters of blood was obtained by venipuncture, allowed to clot, and the 
serum separated by centrifugation. The serum was then quickly frozen and stored at —20° C. 
until the chemical determinations were performed. Total serum protein was determined 
by the biuret method of Weichselbaum.1° Total serum glycoprotein and seromucoid were 
determined by the procedures of Weimer and Moshin.6 The gamma globulin fraction was 
isolated by a modification™ of the method of Nichol and Deutsch. The protein and 
polysaccharide components of the fraction were estimated by biuret and orcinol reactions, 
respectively.6, 10, 11 

For the purpose of this study 35 patients were selected. One group was comprised 
of 19 patients who showed a favorable response to medical therapy. A second group contained 
10 patients who showed little change during their hospitalization; their disease was either 
chronic though active on admission or subacute because of 2 to 3 months’ therapy prior to 


admission to this hospital. A third group consisted of 6 patients with progressive disease. 


RESULTS 

Normal values are ineluded in Table I. Although based on a much larger 
group, total serum glycoprotein, seromuecoid, and total serum protein coneen- 
trations are in good agreement with those previously reported.” Gamma 
globulin polysaccharide and protein values are appreciably higher. The 
divergence is due presumably to the presence of beta globulin in the precipitate 
obtained by an adaptation™ of the procedure of Nichol and Deutsch. 

Patients Responding Satisfactorily to Original Treatment (Table I).—These 
patients were seleeted from our routine admissions beeause of their extensive, 
acute, exudative disease and were treated with a bed rest regimen and specific 
chemotherapy (streptomyein, isoniazid, para-aminosalieylie acid). All showed 
improvement clinically, bacteriologically, and radiologieally. 

The values of the serum fractions, with the exception of the total protein, 
were uniformly high at the beginning of treatment. The total serum glveopro- 
tein was 157 mg. per cent (44 per cent elevated), gamma globulin protein 
2.5 Gm. per eent (31 per cent elevated), gamma globulin polysaccharide 49 
mg. per cent (32 per cent elevation), and seromucoid 27 mg. per cent (125 per 
cent elevation). The seromucoid fraction was apparently the most affeeted by 
acute disease. 

With treatment of the tuberculosis the values of all the protein fractions 
tended to return to normal. The degree of improvement in the various frae- 
tions was roughly parallel; it was most marked during the first 3 months, and 
the values approached normal at 6 months. 

It was observed also that the cultures for Mycobacterium tuberculosis 
tended to become negative before the end of the 6 months, while the x-ray 
improvement continued long after this time. 


Chronic Cases (Table T).—These patients either had a term of treatment 
at another hospital prior to their transfer here and hence were subacute on 


admission, or else they were patients who had chronie disease for some time. 


The course of their disease during hospitalization was such that inaetivity of 


the disease was not achieved but smoldered along with the sputum usually 
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positive for acid-fast bacilii and serial studies showing evidence of activity. 
The symptoms varied from mild to moderately severe and consisted mainly of 
cough, expectoration, and malaise. 


TABLE I. GLYCOPROTEIN AND PROTEIN VALUES INCLUDING THE STANDARD DEVIATION OF THE 
MEAN IN NORMALS, PATIENTS SHOWING SATISFACTORY IMPROVEMENT, 
AND CHRONIC PATIENTS 


TOTAI GAMMA 
SERUM GLOBULIN TOTAI GAMMA 
GLYCOPRO SEROMUCOID POLY SERUM GLOBULIN 
CLASSIFI TIME TEIN FRACTION SACCHARIDE PROTEIN PROTEIN 
CATION (MONTHS (MG. (MG. (GM. %) (GM. %) 
Normal (85) 1. is + 0.3 37 + 0.6+ 0.06 1.9 + 0.034 
Satisfactory 0 5. a7 49 + 2.4 0 0.13 2.5 + 0.13 
improvement (19) 
3 7 2 + 
( &) 
6 Set : A + 1.6 d 0.12 2.1 = 0.09 
(19) 


2.6 : 0.20 2.3 + 0.16 


Chronic with 37 3 0.14 
previous 
treatment 110 5. 38 2. of 0.17 
( 9) 
*Numerals in parentheses refer to the number of cases 
+80 individuals. 


All values in these cases were either in the normal range or close to it. 
After 6 months of treatment with a modified bed rest regimen and antibiotic 
therapy, there was no significant change in their protein levels. 

Progressive Cases (Table 11).—Six patients with progressive disease were 
chosen: of these, one died at this hospital (Case 2), 3 were transferred to 
other hospitals or discharged in a terminal condition, and 2 have had a gen- 
erally progressive course with occasional remissions in their disease and, at 


this time, are still alive. 


TABLE II, GLyCopROTEIN AND PROTEIN VALUES IN PATIENTS WHOSE DISEASE PROGRESSED 
(ON ADMISSION AND AFTER 6 MontTHS’ THERAPY ) 


GAMMA GAMMA 
TOTAL SERUM SEROMUCOID GLOBULIN TOTAL SERUM GLOBULIN 
GLYCOPROTEIN FRACTION POLYSACCHARIDE PROTEIN PROTEIN 

(MG. %) (MG. (MG. ) (GM. %) 
PATIENT (2)+ (1) 
195 197 5s 52 
114 142 28 40 
140 167 39 
144 134 5 48 
90 92 ; 25 
100 108 : 39 


tom pe 


— 
on 


*On admission (1). 

+After therapy (2). 

tReported in detail in text. 

The chemical values showed interesting results. In none of the cases 


was there any marked abnormality in the total protein levels. The fractions 


showed two types of values. Four of the patients had markedly elevated values 
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Fig. 2.—-Levels in a patient with progressive tuberculosis who succumbed to the disease 
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on admission, and they remained elevated as the disease progressed. The other 
two patients, however, entered the hospital with normal levels of total glyco- 
protein, seromucoid, and gamma globulin polysaccharide and, despite an in- 
crease in their disease, these values remained at normal levels. In general, 
again, the seromucoid paralleled the total glycoprotein levels, as well as the 
gamma globulin polysaccharide. 


CASE REPORTS 

Case 1.—(Clinieal improvement, Fig. 1.) <A 29-year-old white man (E. C.) had 
pulmonary tuberculosis diagnosed in August, 1954. The chest x-ray showed minimal 
infiltration in the left mid-lung field and far-advanced exudative disease on the right with 
atelectasis and cavitation; the sputum was positive for Myco. tuberculosis. The patient was 
placed on bed rest regimen and treated with streptomycin, para-aminosalieylie acid, and 
isoniazid. The last positive gastrie culture was obtained 5 months after beginning treatment 
and it remained negative after that except for one positive culture 15 months after the 
start of treatment. The gamma globulin protein showed a level of 3.5 Gm. per cent on 
admission, dropped to 2.5 Gm. per cent after 8 months, then varied between ’this and 2.9 Gm. 
per cent for the next 7 months; thus, after 17 months it still showed an abnormal elevation. 
The initial value for total glycoprotein was 201 mg. per cent and dropped to normal levels 
at S months, The gamma globulin polysaccharide was originally 68 mg. per cent and at 
the end of 17 months remained at the high figure of between 50 mg. and 60 mg. per cent. 
The seromucoid started at 37 mg. per cent and dropped to normal levels at 6 months. 
Thus the gamma globulin and its polysaccharide component remained elevated and perhaps 
could be considered in this ease a sensitive index of activity paralleling the x-ray picture. 
The roentgenogram showed rapid favorable change for the first 8S months and then continued 


to show slower favorable change for the next 16 months. 


Case 2.—( Progressive disease, Fig. 2.) A 61-year-old) white man (T. W.) had 
tuberculosis for about 6 months prior to admission. For the preceding 12 years he had also 
had diabetes mellitus and took insulin regularly. The sputum contained tubercle bacilli. 
X-rays showed considerable bilateral exudative disease, predominantly on the right with 
extensive cavitation. The patient was placed on bed rest, streptomycin, para-aminosalicylic 
acid, and isoniazid. His tuberculosis did not respond and the disease progressed. Diabetic 
gangrene developed in the left foot which also responded poorly to treatment. He died 
of a cerebral embolus 9 months after entry. 

This patient’s sputum remained positive for Myco. tuberculosis and his x-ray showed 
steady progression and extension of his tuberculosis. The serum protein values all remained 


highly elevated and reflected the clinical progress and systemic toxicity. 


Case 3.—(Chronie disease, Fig. 3.) This patient was a 42-year-old Chinese man (W. W.) 
who had a diagnosis made of tuberculosis of the lung and cervieal lymph nodes 3 years 
prior to admission. X-ray at that time showed chronic productive disease of both pulmonary 
apices. The sputum was positive for acid-fast bacilli. He was placed on modified bed rest 
regimen and was treated with streptomycin, para-aminosalicylie acid, and isoniazid. Six 
months after admission to the hospital he had a sudden massive pulmonary hemorrhage 
and died. 

His sputum was usually negative but occasionally positive for Myco. tuberculosis. 
X-rays showed little change during this time, but had previously shown improvement and 
had relapsed. The protein studies showed the gamma globulin protein to be somewhat 
high on admission but it dropped to within normal limits shortly before his death. The 
total glycoprotein was normal on admission but revealed a mild but definite elevation before 


the terminal episode. High normal levels were evident in the gamma globulin polysaccharide 
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and the seromuecoid, In this ease the total serum glycoprotein level provided the best 
chemical index of activity. Since the patient showed no systemic toxicity of any note it 


Was not surprising to find chemical values normal or near normal. 


Months of Hospitalization 


Fig. 3.—Various glycoprotein and protein levels in a patient with chronic disease (Case 


gamma globulin protein BR total glycoprotein. ¢ gamma globulin polysac- 
charide seromucoid 


DISCUSSION 

As previously reported,’ the most consistent change in the protein and 
glycoprotein relationships in pulmonary tuberculosis is the elevation of the 
total serum glycoprotein and seromucoid levels in patients with extensive 
pheumonie tubereulosis. This report further substantiates the finding to 
show the importance of very early examination of the blood, as the chemical 
values drop rapidly during the first 3 months of treatment. If, as happened 
in many of our eases, the patient had had antituberculous therapy prior to 
admission, the values will have fallen to within relatively normal limits, even 
though the roentgenogram still shows evidence of an exudative lesion. 

For the sake of brevity, detailed results of all the eases showing ¢linical 
improvement are omitted. With a few exceptions the total serum glyeoprotein 
and seromucoid levels exhibited a consistent decline as healing occurred. 

In the 6 cases with progressive disease, the first 4 had elevated total 
glycoprotein on admission. These remained elevated in spite of treatment to 
which the disease did not respond. Two eases had low levels on admission even 
though their tuberculosis was extensive and pneumonie, These are the only two 
cases With much exudation that we have seen with low levels. Perhaps in those 
rare cases in which this condition is found, the test ean be utilized as a sign 


signifying a poor prognosis. 
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It is hoped that these findings may preface further investigations to 
determine the physiopathologie relationships of the protein-bound carbohydrates 
of serum in infections, 
SUMMARY 


The total serum protein, total serum glycoprotein, seromucoid, serum gamma 
globulin protein, and its polysaccharide component were determined 
normal controls and on 35 patients on admission to the hospital and at 3- to 6- 
month intervals following hospitalization. These were classified on the basis 
of their response to treatment as ‘‘satisfactory improvement,’’ ‘‘chronie,’’ and 
‘progressive disease.”’ The chemical values were correlated with their hospital 


course. Those patients with retrogressive disease showed an elevation on 


admission and a decline toward normal of the seromueoid, total glycoprotein, 


gamma globulin, and gamma globulin polysaccharide. The chronie patients 
exhibited little change during their hospitalization. Those patients whose 
disease progressed during treatment fell into two groups. Four had elevated 
levels on admission and they remained high throughout treatment; 2 had low 
levels which remained low. Speeulation was made as to the prognostie sig- 
nifieanee of this finding. 


The technical assistance of Jean Redlich-Moshin and Hisako Nishihara is gratefully 
acknowledged, 
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STUDIES WITH INAGGLUTINABLE ERYTHROCYTE COUNTS 


VIL. FurtHErR INVESTIGATION OF 


THE HemMotytic MECHANISM IN UNTREATED 
PERNICIOUS ANEMIA AND THE DEMONSTRATION OF A LLEMOLYTIC 
PROPERTY IN THE PLASMA 
Henry KE. Hamivron, M.D., RaymMonp F. Sueets, M.D., AND 
L. DeGowrn, M.D. 
Iowa Crry, La. 


N RECENT vears more refined techniques of differential agglutination and 
| of radioisotopie labeling of erythrocytes have been used to investigate the 
role of hemolysis in Addisonian pernicious anemia. Loutit,’ and Singer, King, 
and Robbin® showed that erythrocytes from persons with untreated pernicious 
anemia had short survival times when transfused to normal persons. London 
and associates’ demonstrated a shortened lifespan of pernicious anemia erythro- 
cytes by labeling the patient’s cells with glycine containing radioactive nitro- 
ven. Singer and co-workers? demonstrated that erythrocytes from a_ patient 
with treated pernicious anemia in remission survived normally in a normal 
person. In 1954, Hamilton and his associatest demonstrated that normal red 
cells in patients with severe pernicious aneniia in relapse had a shortened sur- 
vival time. Mathematical analysis of their data indicated that hemolysis con- 
tributed to the anemia and the rate of erythropoiesis failed to accelerate. The 
accelerated destruction of normal erythrocytes in patients with untreated per- 
nicious anemia suggested the presence of a hemolytic factor in the disease so 
that the shortened survival of untreated pernicious anemia cells was not due en- 
tirely to a developmental abnormality of the erythroevtes. 

The purpose of the current studies was to make further inquiry into the 
hemolytic mechanisms of pernicious anemia and to determine whether or not a 
hemolytic property could be found in the plasma of patients with untreated per- 
nicious anemia. 
METHODS 
Transfusions.—The data for analysis were obtained by the Ashby teehnique of dif 


ferential agglutination of erythrocytes as deseribed by us.5.6 The donor's blood was col- 


lected from healthy young men or patients with severe untreated pernicious anemia. The 
donor’s blood was of group O and was transfused to recipients of group A or B with com- 


patible Rh subtypes. Anti-A or anti-B serum was used to agglutinate the recipient’s cells, 
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leaving the donor’s cells free for counting. In experiments involving two or more re- 
cipients, one of whom also served as a donor, ON or AN cells were transfused to an AMN re 
cipient and anti-M serum was used to agglutinate the recipient's cells. Total erythrocyte 
counts of the recipient’s blood were made coincidentally with the inagylutinable cell counts. 

Five hundred milliliters of donor blood was collected in 3.2 per cent solution of sodium 
citrate (Na,C,H,O, + 2 H,O), and stored less than 18 hours at 4° C. The supernatant plasma 
was removed and the cells were washed once with cold 0.9 per cent NaCl solution. Erythrocyte 
counts of the donor’s blood were made and a measured volume of blood was transfused 
into the recipient by gravity. 

In the 24 hours following each transfusion, the serum samples from the recipients 
contained no abnormal amounts of hemochromogens or bilirubin, At the end of a sur- 
vival study the indirect Coombs’ test, using fresh donor’s cells and recipient's serum, was 
negative (except as specified in Experiment 2). 

Tneubation Studies Before Transfusion—In Experiments 4 and 5, the donor’s blood 
was collected, immediately centrifuged, and the supernatant plasma removed, The cells 
were then transferred to freshly prepared plasma, from either a normal person or a pa- 
tient with untreated pernicious anemia, The plasma-cells mixture was stored at 4° C. for 
14 hours and then placed at room temperature for 4 hours. The suspension was centrifuged, 
the supernatant plasma removed, and the red cells washed with cold 0.9 per cent NaCl solu- 
tion, The erythrocytes were immediately transfused into a normal recipient. When cells 
were stored in a foreign plasma, the erythrocytes were of group O and the plasma was 
from normal group O or A blood of the compatible Rh subtype. In the incubation studies 
the ratio of packed cells to plasma was approximately 1:2 and the volume of packed cells 
transfused ranged from 125 ml. to 250 ml. 


TABLE I, CLINICAL AND LABORATORY DATA IN PATIENTS STUDIED 


CASE 1 
EXPER. 2, FIG. 1 CASE 2 CASE 3 
EXPERIMENT ( LOWER CURVES ) EXPER. 4, FIG. 3 EXPER. 5, FIG. 4 
Sex and age F. 83 M. 80 M. 50 
Duration of symptoms L yr. 5 mo. 1 yr. 
Achlorhydria (with histamine stim 
ulation ) Present Present Present 
Initial erythrocyte count 106/mm.3 | 0.99 1.43 0.98 
Initial leukocyte count 6,400 6,400 1,550 
Initial platelet count 80,000 67,000 36,000 
Spinal cord disease Moderate Slight None 
Megaloblastic bone marrow Yes Yes Yes 
Maximum reticulocyte count in 
days after B,, therapy 17.6 per cent 5.8" 15 per cent 
(eighth) (fifth) (seventh ) 


Absence of intrinsie faetor | 

(Schilling test) Not done Not done Yes 
Evidence of renal disease or occult 

blood in stool None None } None 
Maximum erythrocyte count after 

B,, therapy (106/mm.%) 4.2 3.69 
X-ray study upper and lower G.I. 
tract normal | Yes 


count reported here. 


The Patients.—The patients had the characteristic clinical and laboratory findings of 
Addisonian pernicious anemia. They were severely anemic and in relapse, The significant 
data for patients used in Experiments 2, 4, and 5 are ineluded in Table I. The data for 
Experiments 1 and 3 were presented in a previous publication as cases 9 and 10.4 


Method of Analysis.—In these studies the inagglutinable erythrocyte counts are direct 
counts of the biologically tagged red cells transfused to a recipient, Table IT, The ob- 
served counts were adjusted? by adding the number of cells lost each day by normal aging. 


: 
*Intranasal instillation of Bi was started several days before intramuscular Bye therapy. 
This resulted in the low reticulocyte Ey 
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This adjusted value is expressed as NoQ. The NoQ value was plotted on a semilogarithmic 
seale on the ordinates, against time on the abseissas. A smoothed curve was drawn through 

N 
the plotted NoQ values. The NoQ values were ealeulated from the equation: NoQ —t 

where NoQ inagglutinable cell count corrected for the loss of cells by normal aging, 
N the observed value for the inagglutinable cell count at time t, t any day after 
transfusion from 0 to 120, and T the potential lifespan of normal erythrocytes assumed 


to be 120 days. Assuming a T value of 100 days does not alter these curves significantly. 


By this mathematical expression, curves are horizontal if there is loss only by normal 
Aging Process. Any deviation downward from the horizontal indicates loss by random 
destruction, If the curve is straight it represents a constant rate of loss of transfused erythro 


evtes, 
EXPERIMENTAL STUDIES AND RESULTS 

Experiment 1—A 50-year-old woman with pernicious anemia in relapse was 
treated daily with injections of 15 pg of vitamin B,.. (Fig. 1, upper curves. ) 
On the ninth day of therapy she was transfused with fresh normal erythrocytes 
of group O Rh, positive. The patient belongs to group B Rh, positive. The 
B,. injections were continued for 14 days more and discontinued (see arrow on 
graph, transfusion No. 1). The NoQ values show no evidence of random loss for 
34 days after transfusion. Twenty days after the vitamin B,. was discontinued, 
the curve deviates from the horizontal indicating random destruction of the 
erythrocytes at a rate of 0.9 per cent per day. On the sixty-seecond day after 
transfusion, vitamin B,, injections were resumed at approximately 4-day inter- 
vals. Complete hematologic recovery took place and remission was maintained 
with vitamin B,, therapy. Several months later, while still on vitamin B,. in- 
jections, the second transfusion of fresh blood from the same donor was given. 
The NoQ values fit a straight horizontal line, indicating no random destruction. 
The second curve excludes the possibility that random destruction in the first 
transfusion was due to isosensitization. 

Experiment 2.—An 80-year-old woman with severe pernicious anemia was 
the subject of this study. (Fig. 1, lower curves.) She had had no previous 
transfusions. A child of her only pregnancy was born 60 years before. She was 
given daily injections of vitamin B,,. and on the fifth day of therapy, fresh donor 
cells of group OMN rh blood were transfused to her. The patient was of blood 
group B Rh,. At this time the indirect Coombs’ test using the patient’s serum 
and donor cells was negative. For the first 30 days of this study, the NoQ values 
described a curve of random loss of tagged cells of about 1.3 per cent per day. 
This rate of loss is comparable to the rates observed in other patients with un- 
treated pernicious anemia.‘ After the thirtieth day, there was a sudden increase 
in hemolysis with a loss of 50 per cent of the tagged cells per day. Treatment 


with B,. was continued and hematologic recovery from the anemia continued. 


A second transfusion of fresh blood from the same donor was then given. The 
slope of the resulting NoQ curve of inagglutinable cells indicated a 50 per cent 
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rate of loss of cells per day, similar to the latter part of the first curve. A direct 
Coombs’ test, using the recipient’s serum and fresh donor cells, was positive. 
We could not demonstrate antibodies for the antigen N in the recipient's serum. 
The serum of the recipient was found to contain an anti-hr’ antibody. The 
initial loss of red cells by random destruction in the first transfusion had a rate 
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Fig. 1. fandom loss of normal erythrocytes transfused to a patient with pernicious 
anemia compared to random loss of normal erythrocytes due to isosensitization. The disap- 
pearance of tagged erythrocytes measured by the differential agglutination of Ashby are 
described by these curves. Curves which are horizontal indicate loss by normal aging whereas 
any downward deviation of the curve represents random destruction and the slope of the 
curve measures the rate of cell loss due to causes other than the normal aging process. 
The ordinates are plotted on logarithmic seales. In the upper two curves normal blood was 
first transfused to a patient with pernicious anemia who had been treated with injections of 
vitamin Bw for 9 days. On the fourteenth day after transfusion, By injections were stopped 
(see arrow). For about 34 days the loss of erythrocytes was by normal aging but thereafter 
the cells were lost at a random rate of about 0.9 per cent per day. The second transfusion, 
top curve, was fresh blood from the original donor transfused to this patient several months 
later while in remission due to continuous Bre therapy. The horizontal line described by the 
plot of the corrected inagglutinable cell indicates loss of transfused cells by normal aging 
only. This suggests that the random loss in the first transfusion was not due to isosensitiza- 
tion. 


In the lower part of the chart fresh normal blood (group OMN rh) was transfused to 
a patient with untreated pernicious anemia (Case 1; blood group BM Rh:). For the first 30 
days the tagged cells were lost randomly at a rate of 1.25 per cent per day, similar to the 
rates of loss expected in untreated pernicious anemia. Around the thirtieth day there was a 
sudden acceleration of red cell loss to 50 per cent per day with the apparent disappearance 
of inagglutinable cells about 9 days later. Later, a second transfusion of fresh cells from the 
same donor was given to the patient, then in remission, and under continuous By therapy. 
The tagged cells disappeared rapidly in less than 10 days at a constant rate of about 50 
per cent per day. At the end of this study anti-hr’ agglutinins were demonstrated and the 
indirect Coombs’ test, using patient’s serum and donor's erythrocytes, became positive. The 
rapid loss of tagged erythrocytes is due to a demonstrable immune process in distinction to 
the early relatively slow loss of donor cells due to the hemolysis in untreated pernicious 
anemia, 
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consistent with hemolysis due to untreated pernicious anemia whereas the rapid 
loss of cells in the latter part of the study strongly suggested the development 
of an antibody for the donor’s cells. 

Experiment 3.—( Fig. 2.) In Step 1, blood was withdrawn from a 79-vear- 
old man with untreated pernicious anemia and in Step 3 his erythrocytes (group 
OMN ith, positive) were transfused to a normal recipient of group AMN Rh, 
positive. In Step 2, blood from a normal donor (ON Rh, positive) was immedi- 
ately transfused to the patient with pernicious anemia. The NoQ curves for the 
normal cells in pernicious anemia and pernicious anemia cells in a normal sub- 
ject show a random loss of about 3 per cent per day. 
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‘ig. 2.—Comparison of rates of loss of transfused normal erythrocytes in a patient with 
untreated pernicious anemia and pernicious anemia erythrocytes in a normal person. In 
this study normal erythrocytes, tranfused to a person with untreated pernicious anemia, and 
the erythrocytes of an untreated pernicious anemia patient, transfused to a normal recipient, 
are lost at random in their respective recipients The curves described by the corrected 
inagglutinable counts deviate from the horizontal over the 30-day period, indicating random 
destruction, joth rates of loss are about 3 per cent per day. 

Experiment i.—(Fig. 3.) In Step 1, blood was withdrawn from an 80- 
year-old man with untreated pernicious anemia. In Step 3, his cells (group 
OMN Rhy positive) were separated from the plasma and transfused to a normal 
recipient of group AMN Rh,. Fresh normal erythrocytes of group OMN Rh,rh 
were then suspended in the pernicious anemia plasma, stored as indicated, and, 
18 hours later in Step 4, were transfused to a normal group A Rh, recipient. 
Immediately after the removal of blood from the patient with pernicious anemia, 
fresh blood from a normal group ON rh subjeet was transfused (Step 2) to the 
patient with pernicious anemia. The NoQ curves show that the normal inag- 
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glutinable cells were destroved at random in the patient with pernicious anemia. 
Also, pernicious anemia cells in a normal person were rapidly lost. Likewise, 
the normal cells incubated in vitro for 18 hours in pernicious anemia plasma 
and then transfused to a normal person were hemolyzed at random. This sug- 
vests that a factor in pernicious anemia plasma injured the normal erythro- 
evtes and caused their rapid destruction when transfused to a normal person. 


NORMAL 


NORMAL ¥ 
Dove 


Fig. 3 Fresh normal erythrocytes stored in plasma from a patient with untreated 
pernicious anemia lost by random destruction in a normal recipient All the plotted curves 
of the corrected inagelutinable cell counts show deviation from the horizontal, thus indicating 
random loss in their respective recipients, The normal cells transfused to a patient with 
untreated pernicious anemia, the pernicious anemia cells transfused to a normal person, and 
the normal cells stored for 18 hours in the pernicious anemia plasma and subsequently trans- 
fused to a normal person were lost from circulation by random destruction. The rates of loss 
were considerably slower than those due to isoimmunization in the second study of Fig. 1 


Experiment 5.—( Fig. 4.) In Step 1 blood was withdrawn from a patient 
with untreated pernicious anemia. The pernicious anemia cells (group AMN rh) 
were separated from the plasma and discarded. Fresh normal erythrocytes 
(group ON rh) were divided into 2 portions. In Step 3 one portion was placed in 
pernicious anemia plasma and stored for 18 hours before transfusion to a normal 
recipient (group BM Rh, positive). The other portion of normal red cells was 
placed in fresh normal plasma and stored 18 hours. In Step 4 these erythrocytes 
were transfused to another normal recipient (group AMN rh). In Step 2 erythro- 
eytes from a normal donor (OMN rh) were transfused to him. Note that the 
plasma from this normal donor was used in Step 4 for a control on the storage 


procedure in this study. The plot of the NoQ curve shows random destruction 
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of normal erythrocytes in the pernicious anemia subject. The normal cells in- 
cubated in pernicious anemia plasma and then transfused to the normal sub- 
ject also showed random destruction. However, normal cells from the same 
donor, stored in normal plasma, survived normally in a normal subject. 
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NORMAL 


NORMAL 60 
16 Hrs. 


Fig. 4.—Comparison of rates of loss of fresh normal erythrocytes stored in pernicious 
inemia plasma and in normal plasma subsequently transfused to normal recipients. Normal 
erythrocytes transfused to a patient with untreated pernicious anemia and normal red cells 
stored in pernicious anemia plasma are destroyed at random as indicated by the slope of the 
plotted curves of corrected inagglutinable cell counts (upper two curves) On the other hand, 
normal cells stored in normal plasma and subsequently transfused to a normal recipient have 
a normal survival as indicated by the horizontal curve of the corrected inagglutinable cell 
counts, 

DISCUSSION 

Experiments 2, 3, 4, and 5 indicate that a hemolytic factor destroys normal 
erythrocytes transfused to a patient with untreated pernicious anemia, The 
rates of hemolysis are similar to those deseribed previously.t| In Experiments 4 
and 5 the evidence suggests that the plama of untreated patients with pernicious 
anemia has a faetor or a deficit capable of injuring normal erythroeytes. Normal 
cells so injured are destroyed at random when transfused to a normal subject. 
The rates of loss are similar to those of normal cells destroved in patients with un- 
treated pernicious anemia and of pernicious anemia cells in normal persons 
(Experiments 3 and 4). 

It is unlikely that the manipulations of the blood in incubation were re- 
sponsible for these injuries because cells from the same donor, handled in pre- 


cisely the same way but imeubated in normal plasma, survived normally 
(Experiment 5). 
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The exponential eurves deseribed in our studies are similar to the curve 
reported by Sheets and associates® (Case 5), where it was shown that erythro- 
cytes from a patient with severe lead poisoning were injured in some manner so 
that they had a shortened survival time when transfused to a normal recipient. 
The NoQ curves deseribing the slow random loss of erythrocytes in these per- 
nicious anemia studies are also similar to the rates of red cell loss in rheumatoid 
arthritis recently reported by Freireich and co-workers.” These investigators 
used NoQ curves in analysis of their data and deseribed rates of loss of 0.94 
to 2.39 per cent per day of normal erythroeytes transfused to persons with 
rheumatoid arthritis. For comparison, see Table IIT, 


TABLE IIT. Rates or Ranvom Loss or TAGGep CELLS IN THESE EXPERIMENTS CALCULATED 
FROM THE SLOPE OF THE NOQ CURVES 


KATE OF RANDOM LOSS 
OF TAGGED CELLS 
(EXCLUSIVE OF LOSS 
DUE TO NORMAL 
AGING 
TRANSFUSIONS IN ORDER OF PRESENTATION PER CENT LOSS PEK 
FIGs. 1 TO 4 DAY 
Normal cells in pernicious anemia 0.9 
Normal cells in treated pernicious anemia 0.0 
Normal cells in untreated pernicious anemia; after de 1.25 
veloped antibody for tagged cell 50.0 
Normal cells in treated pernicious anemia, loss due to 
acquired antibody 
Normal cells in untreated pernicious anemia 
Pernicious anemia cells in normal 
Normal cells in untreated pernicious anemia 
Pernicious anemia cells in normal 
. Normal cells stored in pernicious anemia plasma, then 
survival studied in normal : 0.8 
Normal cells in untreated pernicious anemia 0.76 
Normal cells stored in pernicious anemia plasma, then 
survival studied in normal O81 
Normal cells stored in normal plasma, then survival 
studied in normal 0.0 


50.0 
3.0 
3.0 
1.0 


» 
” 


Our studies do not give us a elue to the nature of the destructive factor or 
defieit in pernicious anemia other than to speculate that the red cells are injured 
by contact with pernicious anemia plasma in such a way that the normal erythro 
cytes so treated are destroyed at random in a normal person. The results ap- 
pear to exelude the function of some abnormal tissue in the pernicious anemia 
patient as the only cause for the destruction of the red cells. These studies do 
not differentiate between an acquired defect of the pernicious anemia cells and a 
developmental defect causing them to have a shortened survival time. In Ex- 
periment 3 the identical rates of loss of normal cells in pernicious anemia and 
pernicious anemia cells in normal persons suggest that the defect of the pernicious 
anemia cells could be accounted for on an acquired basis alone. On the other 
hand, in Experiment 4 the rates of loss of the pernicious anemia cells in a normal 
subject were slightly faster than those of normal cells in untreated pernicious 
anemia, suggesting the possibility of a cellular defect as well as a plasma effect. 
Variability of unknown biologic factors, however, may be responsible for the 
slight difference of rates of random loss in the two recipient subjects. 
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When evidence of abnormal hemolysis is obtained by use of the Ashby 
method of differential agglutination one is always concerned with the possibility 
of antibody effeets. When antigen-antibody incompatibilities are discovered as 
causes of the hemolysis, the rates of hemolysis differentiate them from curves 
observed in our pernicious anemia studies. Experiment 2 is an example of an 
antigenic response of the recipient to donor’s cells containing an Rh antigen. 
The first 30 days of the curve in this study showed a constant rate of loss of 
1.3 per cent per day, similar to those observed in untreated pernicious anemia. 
Thereafter, the sudden change in rate of loss to 50 per cent per day suggested 
that some newly aequired extracorpuseular hemolytic mechanism was_ re- 
sponsible. Fresh donor cells from the same donor were once more transfused 
into the patient and these cells were lost at a similar rapid rate. At the begin- 
ning of the study the indirect Coombs’ test was negative, whereas it was posi- 
tive at the end of the study. Fresh donor cells and recipient serum were used in 
the indireet Coombs’ test. An anti-hr’ antibody was detected in the serum of the 
recipient at the end of the study. This is in contrast to Experiment 1 where the 
donor cells disappeared at a relatively slow rate of about 0.9 per cent per day 
and later fresh donor cells used in the first transfusion survived normally in the 
patient who had remained in remission for several months under treatment with 
vitamin B,.. Thus, in Experiment 1 the hemolytic property observed is not 
aseribed to blood incompatibility. Mollison,” drawing upon his own experience 
and data from other authors, has discussed the problem of blood incompati- 
bilities. In the instance of incompatibility with demonstrable isoantibodies, the 
red cell disappearance curves have some of the following characteristics: The 
rates of loss are usually very rapid; the damaged or incompatible cells disappear 


in a few minutes, several hours, or in several days with a rapid initial loss of a 


large proportion of the tagged cells in a few minutes or hours followed by a 


slower loss. Apparently normal survival for many hours or days, followed by 


accelerated loss of the tagged cells may occur. 

The shortened survival of some normal blood in recipients without demon- 
strable antibodies has been studied by Loutit, Mollison, and Young,'® Mollison,® 
Jandl and Greenberg,' and Fudenberg and Allen! In their studies some 
‘‘compatible’’ bloods have been found to survive abnormally without evidence 
of a demonstrable antibody or other known cause. Bloods from these same donors 
have been transfused to other normal individuals and found to survive normally. 
Inspection of the published curves shows rapid rates of loss and they are similar 
to those due to specific isoantibodies. In one of Jandl’s studies he pointed out 
that multiple transfusions of blood to the same recipient were successively 
shortened. This suggested an immune process. The characteristics of these 
curves are unlike those of the slow constant hemolysis observed in pernicious 
anemia. 

It is unlikely that a single saline wash of the donor cells could damage them 
and lead to random loss in the recipient. The first and last transfusions of our 
studies show normal survival after washing the red cells onee with cold 0.9 per 
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cent saline. Mollison and Veall** and Hughes Jones and Mollison®*® demon- 
strated that survival of red cells was not altered over the first 36 days after 
transfusion when cells were washed 3 to 15 times in 0.9 per cent saline in the 
preparation of Cr*'-labeled erythrocytes. 

There are several studies of the survival of normal erythrocytes in persons 
with pernicious anemia.’:***"© In view of the experience accumulated by a 
large number of investigators studying erythrocyte survival with particular 
reference to methods of plotting data and obtaining mathematical analysis of 
the eurves, Schigdt,?* Brown,'? Dornhorst,’* Sheets and eo-workers,® and DeGowin 
and associates,’ it appears advisable to re-examine the original data.* * **'* 

In 1921, Miiller and Jervell’® studied the survival of normal blood trans 
fused into a patient with severe pernicious anemia. The inagglutinable cell 
counts following two transfusions of tagged cells were enumerated and plotted 
on Cartesiaz: coordinates, ‘‘Kurve IIT.’’ An estimate of the rates of loss of these 
tagged cells can be made by the NoQ method of analysis. The rate of loss of cells 
after the first transfusion of 1,000 mm.* of tagged cells was calculated by us to 
be a random loss of about 1 per cent per day for the first 31 days. Thereafter, 
the rate of loss suddenly accelerated so that cells were lost at a rate of about 
78 per cent per day. A second transfusion of tagged cells was given. These cells 
were lost at a rate of 15 per cent per day. In these studies the curves are almost 
identical to those in our Experiment 2 where the initial slow loss of normal cells 
presumed to be caused by a factor in the pernicious anemia plasma was followed 
by a rapid loss of cells caused by isosensitization. 

In 1921, Ashby transfused blood into many patients with pernicious anemia. 
She discussed at length the problems of attempting to obtain a true picture of 
cell production versus cell destruction of homologous and heterologous blood.'* 
The problem still remains complicated and is by no means solved. Ashby’s 
pioneer study should be read by anyone interested in this problem. In 3 of 4 
patients studied for 90 days the survival curves were interrupted by several 
other transfusions. The inagglutinable counts remained high for long periods 
of time suggesting the possibility of changes in the potency of the antiserum. 
The other long-term study is of interest in that from the seventh to the eleventh 
day the patient started a remission. The red cell count increased from 1.6 
million to 4.8 million in about 35 days. The possibility of loss of the hemolytic 
property during a remission must be considered. Many other cases were studied 
by Ashby but only for short periods, ranging from about 15 days to 30 days. 
They were complicated by multiple transfusions and occasionally by blood from 
the same donor group used for the original tagged cell study. Ashby interpreted 
her curves to mean that the order of destruction in limited parts of the study 
for donor as well as recipient cells was greater than expected and that sometimes 
donor cell transfusions didn’t raise and sustain counts as would be anticipated. 
In two severely ill patients, tagged cells disappeared very rapidly over a period 
of a few days. She pointed out that in some of the studies there were periods 
of active blood destruction of both patient’s red cells and donor cells, not ‘‘due 
to any intrinsie weakness of the corpuscle.’’ 


— 
| 


Volume 51 
Number 6 


INAGGLUTINABLE ERYTHROCYTE COUNTS. VII 


In 1922, Wearn, Warren, and Ames" transfused tagged cells to 3 patients 
with pernicious anemia. One study was complicated by multiple transfusions 
during the experiment. The few inagglutinable cell counts make interpretation 
of the irregular curve difficult. Another patient with pernicious anemia used 
in their studies was in relapse, judging by the total erythrocyte counts of the 
recipient. During 110 days of the study, 8 counts were above 4,000,000, 2 above 
5,000,000, and 3 ranging from 3.4 to 3.6 million. The inagglutinable curve shows 
normal survival. The findings in a third patient are of interest for this patient 
was in severe relapse during the study. The first group of inagglutinable cells 
transfused to this patient was followed for 59 days. The authors fortunately 
included their experimental data in the paper. The curves obtained from the 
plotted NoQ values for these inagglutinable cell counts show considerable random 
destruction. In our analysis of this curve by the NoQ method a conservative 
estimate of rate of loss of inagglutinable cells between the fifth and fifty-ninth 
day is 1.18 per cent loss per day. The rate of loss between the thirtieth and 
fifty-ninth day, however, is 2.27 per cent and from the fortieth to fifty-ninth day 
is about 3.4 per cent loss per day. At the end of this time another transfusion 
was given, raising the inagglutinable cell counts and making further interpreta- 
tion of the curve impossible. Thus, in re-evaluation of this curve, there is un- 
mistakable evidence of random destruction of normal tagged cells transfused to 
the patient with untreated pernicious anemia. 

Mollison’* reported on the survival of normal erythrocytes in two cases of 
pernicious anemia. In the first patient, the curve is described by only 5 points, 
the last one on about the seventy-fourth day. The smooth curve through these 
points is a straight line with an apparent disappearance time at about 92 days. 
This survival is abnormal. The second case was followed for 6 days with two 
inagglutinable cell counts. A valid interpretation cannot be made from two ob- 
servations. Mollison makes no mention of the severity of illness or clinical state 
of his patients in the study. Sooner or later we would expect to find normal sur- 
vival of cells in ‘‘untreated pernicious anemia’’ for hemolytic potentials have 
quantitative differences and undoubtedly can be governed by spontaneous or 
induced remissions. In a recent red cell survival study we were unable to demon- 
strate a hemolytic property either to the plasma or for normal cells transfused to 
a lad of 17 who had severe pernicious anemia. We observed normal survival of 
normal cells in a patient with severe untreated pernicious anemia who had been 
treated with antibiotics for severe pyelonephritis and bronchitis. We do not 
know what effect bacterial infection and antibiotic therapy might have upon 
untreated pernicious anemia. Foy and Kondi'® reported that macrocytie anemia 
eaused by poor diet responded to oral and parenteral penicillin. We observed 
a significant reticulocytosis in a patient with untreated pernicious anemia who 
was treated with Aureomycin. Daily variation in inagglutinable cell counts may 
be considerable and can be accounted for in some instances on the basis of plasma 
volume changes of the recipient rather than from technical error.’ It is for 
this reason that a large number of inagglutinable counts and simultaneously 
determined total erythrocyte counts should be obtained over a long period of time 
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in the analysis of erythrocyte survival eurves. Ashby*® noted the periodic varia- 
tion in inagglutinable counts. Denstedt and associates?! and Osborne and Den- 
stedt** were concerned about the fluctuations in the inagglutinable cell count. 
They considered the possibility of temporary sequestration of tagged cells in the 
spleen and determined that the observed changes were not due entirely to ex- 
perimental error but most probably had other significance. 

Loutit' transfused normal blood stored in acid citrate glucose for 2, 5, 7, 
7, and 14 days into patients with Addisonian pernicious anemia. The graphs 
show a 50 per cent survival of inagglutinable cells of 31, 35, 43, and 53 days. 
Ile points out that this is less than the 60 days obtained by Mollison and Young** 
for blood 0- to 4-days old in 15 recipients with hypochromice anemia. In making 
our analysis of these curves with the NoQ method all show loss due to random 
destruction. The estimated rates of random loss are 0.3, 1, 1, 1.1, and 1.9 per 
cent per day and are similar to those deseribed for pernicious anemia. In their 
studies the short period of storage of donor blood would not produce this type 
of curve. In the storage of blood for 15 days or less one might expect a slight 
initial loss of transfused cells in the first few hours and then subsequent normal 
life expectancy curves of the remaining cells. 


CONCLUSIONS 


1. Plasma of untreated pernicious anemia in contact with normal erythro- 
cytes so affected them that they had a shortened survival time when transfused 
to normal persons. 


2. Normal ery 
when transfused to 


ctes are hemolyzed at random, irrespective of their ages, 
nts with untreated Addisonian pernicious anemia. 

3. The slow disapp@a@Pance curves describing the hemolysis of tagged normal 
cells in patients with untreated pernicious anemia can be differentiated from the 
rapid curves of disappearance due to isoimmunization. 

4. The erythrocyte survival curves published by other authors were re- 
examined using currently available methods of analysis. Several additional ex- 
amples of curves showing slow random loss of normal transfused cells to patients 
with untreated pernicious anemia were found. The rates of loss were similar 
to those deseribed in this paper for pernicious anemia. 
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LABORATORY METHODS 


AN IMPROVED METHOD FOR THE CHEMICAL DETERMINATION 
OF URINARY CATECHOL AMINES 


Roy B. JOHNSON, JR., M.A. 
La JOLLA, CALIF. 


INTRODUCTION 


11K value of the urinary catechol amine determination as an aid in the 

diagnosis of pheochromocytoma is becoming increasingly apparent. Sev- 
eral chemical methods have been employed for their determination. In gen- 
eral, these methods consist of adsorption of the catechol amines on alumina or 
aluminum hydroxide by either the column or the batch method and produe- 
tion of fluorescent by-products of the epinephrine and norepinephrine in the 
eluates. Persky’ has written an excellent review of the earlier procedures. 
Modifications have recently been described by von Euler and associates,"* 
Pitkinen,* and MeMillan.° Unfortunately urine often contains substances 
which hinder its passage through a column of alumina. This difficulty was 
cireumvented by the batch method of shaking or stirring the urine with the 
adsorbent.'* The disadvantages of this technique are that the catechol amines 
may be subjected to inereased oxidative hazards by aerating the specimen, 
and that the method does not ensure complete contact of the catechol amines 
with the adsorbent. Urine may contain substances other than epinephrine and 
norepinephrine that appear in the eluate, which ean fluoresce under the condi- 
tions of the analyses. It is important, therefore, to be able to recognize the fluo- 
rescence due to the catechol amines alone. 

The alumina column method deseribed in this report is a modification of 
those of Lund,*> von Euler and associates,’*'* and Goldenberg.2. Two im- 
portant advantages of this modification are (1) that the urine samples are pre- 
pared so that they flow rapidly through the alumina column and (2) that a 
better means of discriminating the fluoresecences of the catechol amines is 
provided. 


MATERIALS AND METHODS 
Reagents.— 
Aluminum oxide: Woelm, nonalkaline, grade 1.* Fine particles were removed by re- 
peated suspension in distilled water and decantation. It was reactivated by heating at 400° 
C. for 3 hours. 


From the Division of Laboratories, Scripps Clinic and Research Foundation, La Jolla, 


Calif. 
Read at a meeting of the American Association of Clinical Chemists in conjunction with 
the American Association for the Advancement of Science, Indianapolis, Ind,, Dec. 28, 1957. 
Received for publication Sept. 30, 1957. 
*Obtainable from Alupharm Chemical Company, 322 Lafayette Street, New Orleans, La. 
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Sodium acetate (0.2 M, pH 8.5): Dissolve 16.4 Gm. of anhydrous sodium acetate, 
reagent grade, in double glass-distilled water to make | liter. This was adjusted to pH 8.5 
with saturated aqueous sodium carbonate. 

Sodium carbonate: Twenty-five per cent w/v. 

Sulfuric acid: Accurately titrated, 0.25 N. 

Acetate buffer (1 M, pH 6.3): Add 4 ml. 1 M acetic acid and 0.8 ml. of 2.5 N NaOH 


to 96 ml. 1 M sodium acetate. When 1 ml. of this solution is mixed with 0.2 ml. 0.1 N H,SO, 
the pH should be 6.0. 


Ascorbic acid: Two per cent aqueous w/v. Prepare shortly before use. 

Sodium ascorbate: Mix 9 parts of 5 N NaOH with 1 part of 2 per cent ascorbie acid 
within 1 to 2 minutes of use. 

Distilled water: Double glass-distilled or ‘‘for parenteral use.’’ 


Standard solutions: Stock standard epinephrine solutions (0,1 per cent) were prepared 


by dissolving 100 mg. crystalline epinephrine (free base, Parke-Davis) or 181.9 mg. of epi- 
nephrine bitartrate (Sterling-Winthrop* or Winthrop-Stearns) in 100 ml. 0.1 N H,SO,. The 
0.1 per cent epinephrine solutions available in ampules (Parke-Davis) are suitable but de- 
compose readily on opening. Stock standard norepinephrine solutions (0.1 per cent) were 
prepared by dissolving 20.1 mg. crystalline l-arterenol bitartrate (Winthrop-Stearns or Sterling- 
Winthrop*) in 10 ml. 0.1 N H,80,. Working standard solutions are 1:1,000 dilutions of the 
stock in 0.1 N H,8O,. Stock standard epinephrine has been kept for 6 months in the refriger- 
ator without change. Working standards deteriorate and should be prepared weekly even 
though we have found some stable for longer periods when kept at refrigerator temperatures. 
A dilute sodium fluorescein solution (1:1,000 dilution of 0.0005 per cent) in 0.1 N sodium 
hydroxide was used routinely to check the fluorescence of the working standards. 

Preparation of the alumina columns: To 2.5 Gm. of alumina was added 5 ml. of sodium 
acetate (pH 8.5) and the stirred slurry was washed into chromatographic columns (14 mm. 
by 30 em.) equipped with a stopcock.t Prepare as many columns as there are aliquots. 

Treatment of Urine Specimens.—Twenty-four-hour urine samples were collected in brown 
bottles containing 10 ml. of 6 N HCl and 2 Gm, oxalic acid crystals. 
refrigerated during and following collection. Urine volumes were measured and the urines 
with a small volume were adjusted to 1,500 ml. with distilled water. 
filtered through Whatman No. 40 paper to give 150 ml. filtrate. 


The specimens were 


Sufficient urine is 
This is adjusted to pH 1.5 
to 1.8 with 6 N HCl and divided into three 50 ml. aliquots in Erlenmeyer flasks, One of 
these may be used to determine recovery in which case 1 ml. of a 0.001 per cent norepinephrine 
solution may be added to provide a 20 wg per cent addition. The aliquots are heated in a 
boiling water bath for 15 minutes and cooled under running tap water. To each cooled urine 
specimen is added 30 ml. of acetate buffer (pH 8.5) and further adjusted to pH 8.5 by small 
additions of 25 per cent Na,CO,. It is immediately poured on the column and allowed to 
pass as rapidly as possible. The columns are not a)’>wed to run dry. 
first with 10 ml. of acetate buffer (pH 8.5) and * .en with 50 ml. of glass-distilled water. 
H,SO, (0.25 N) is added and allowed to pass at a decreased speed. 


The alumina is washed 


When the eluate becomes 
acid to bromthymol blue paper, 10 ml. is collected. This represents a fivefold concentration 
of the original material, The eluate is now analyzed for fluorescent substances. 


Eluates 
have been kept at 2° to 5° C. for 4 months without change. 


Fluorometric Analyses.—The treatment of the unknowns and standards is exactly the 
same in the production and analyses of the fluorescent substances. A blank for each stand- 
ard and unknown is provided and carried through the same procedures except in the timing 


and sequence of addition of ascorbic acid and sodium hydroxide. The fluorescences were 


*This material was furnished by M. L. Tainter, M.D.. 
Research Institute. 


+Obtainable from Microchemical Specialties Co., University Avenue, Berkeley, Calif. 


Director of Sterling-Winthrop 
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measured with a Farrand photofluorometer equipped with the following filters: (primary) 
Corning Nos, 5860, 5113, and 3389 and (secondary) Corning Nos. 3384 and 5433. (The No. 
3389 filter, however, has been found unnecessary as will be shown.) 

Two-tenths milliliter (0.2 ug) of each working standard and 0.2 ml. of each eluate are 
placed in a duplicate series of 15 ml. glass-stoppered graduated tubes. One tube of each is 
treated as the blank and the other as the sample tube. To all of the blank tubes is added 
1 ml. of acetate buffer, pH 6.3, and 0.1 ml. 0.25 per cent potassium ferricyanide. Timing 
is started, the tubes are shaken and allowed to react 2 minutes. Nine-tenths milliliter of 20 
per cent NaOH is added, mixed, and allowed to stand 10 minutes. This process is now re- 
peated with the sample tubes except that after the ferricyanide treatment, 1 ml. of very 
freshly prepared sodium ascorbate is added. One-tenth milliliter of 2 per cent aseorbie acid 
is now added to the blanks. The timer is set for 10 minutes. Meanwhile double-distilled 
water is added to make 10 ml. in all tubes. These are inverted for mixing and aliquots are 
transferred to respective cuvettes. At the end of the last 10-minute period the fluorescences 
are compared. Timing is an important feature of the foregoing phase and must be adhered 
to. Sixteen tubes is a maximum number to handle. This represents the samples and blanks 
of the 2 standards and 6 eluates. 

Three series of readings were made using 3 primary filter systems providing activating 
wave lengths at 365 my, approximately 400 my, and 436 mu. One secondary filter system 
(5433 and 3384) passing a narrow band at 510 mu was used to measure emitted light. The 
epinephrine standard was set in all cases to read 50 and its blank zero, All other blanks 
and sample tubes including those for norepinephrine were compared to this. 

Calculations.—Using 0.2 ml. of eluate representing a fivefold concentration of the 
original urine and 0.2 ml. (containing 0.2 wg) of the standards, the following calculations 
apply: 


A Eluate sample minus eluate blank) . 29 — ug per cent total catechol amines as nor- 
(Nor, sample minus nor, blank) epinephrine 


(24 hr. vol. or 1,500) 


ug per cent x — 
100 


= pg per 24 hours, 


These values are determined for each wave length reading. The values obtained with the 
365 mye and 400 mg filters appear to be more specific. This fact was first determined when 
water solutions of known norepinephrine concentrations, and later urine analyses, were car- 
ried through the entire procedure. 


RESULTS 


To determine the precision of the method, 10 aliquots of the same urine 
specimen were analyzed. Using the fluorescence value obtained with the 5860 
primary filter, the catechol amine content (as norepinephrine) averaged 12.18 
pe per cent, + S.D. 1.4, range 10.0 to 14.0. Using the fluorescent value obtained 
with the 5113 primary filter, the average was 11.6 pg per cent + S.D. 1.12, range 
9.5 to 13.1. The readings with the 436 my exciting light averaged 18.2 ng per 
cent. The latter value is in agreement with our experience with 42 specimens 
where values were obtained with the 436 my light which did not agree with the 
values obtained from readings at the 2 other wave lengths. When dilutions of 
the eluates were made, comparable reductions in fluorometer readings were 
obtained. 

In Table I are the data for per cent recovery of norepinephrine when 
added to urine. It is seen that when 20 yg per cent is added, the recovery 
averages 63 per cent, and when 200 yg per cent is added, the recovery averages 
75 per cent. 
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TABLE I. RECOVERY OF NOREPINEPHRINE ADDED TO URINE 


“G PER CENT NOREPI- | | NUMBER OF RANGE OF RECOVERY | | AV. PER CENT 
NEPHRINE ADDED SPECIMENS (PER CENT) RECOVERY 
200 6 54 to 100 75 
20 19 30 to 100 63 


Norepinephrine was added in varying concentrations to a ‘‘synthetic 
urine.’’ This consisted of 100 ml. of M/15 KH.PO,, 100 ml. of M/15 Na,HPO,, 
10 ml. of 6 N HCl, and 2 Gm. of acid oxalie crystals (reagent) with water to 
make 1 liter. Fifty milliliters aliquots of the above solution containing known 
amounts of norepinephrine were treated exactly as urine in the procedure. Ten 
sets of 4 concentrations were run. The results listed in Table II show an aver- 
age recovery of 81 per cent. Standard deviations decreased with increased con- 
centrations used. The results shown were taken from the 365 my» primary filter 
readings. 


TABLE PERCENTAGE RECOVERY OF NOREPINEPHRINE FROM PHOSPHATE-BUFFERED WATER 


IT. 


MICROGRAMS PER CENT ADDED 


EXPERIMENT NO. | NONE 20 


1 
Average 0.7 wg 81% 81% 81% 


deviation 


Range 63 to 98 per cent recovery. 
All quantities calculated from readings 


with the 365 mg primary filter. 


TABLE ILL. 


FREQUENCY VARIATION OF TOTAL CATECHOL AMINES IN THE URINES OF 42 MEN 
AND WOMEN 


PER CENT ~SPEC'MENS PER 24 HR. NO. SPECIMENS 
0 to 4 3 0 to 70 2 
5 to 9 17 71 to 140 15 
10 to 14 15 141 to 210 13 
15 to 19 4 | 211 to 280 i) 


20 and above 


281 to 350 


The urines of 42 adults were analyzed in duplicate and the data are pre- 
sented in Table III. Twenty-four-hour exeretion levels were found to range 
between 0 and 342 pg as norepinephrine. The average was 169 pg + S.D. 73. 
The frequeney variation is also presented in Table Ill. There was a standard 
deviation of + 2.17 between these duplicates. These urines were from normo- 
tensives and hypertensives without demonstrated pheochromocytoma. 
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j 1 0.5 92 75 63 
| 2 0.0 91 91 71 : 
3 2.0 74 76 75 
+ 0.0 65 71 70 
5 1.0 74 74 77 
6 0.0 94 88 92 
7 0.0 65 77 98 
8 0.0 83 86 94 
9 3.0 76 80 74 
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The normal level of exeretion of catechol amines by this method is con- 
siderably higher than has been reported by many others. A comparison is 
shown in Table IV. 


TABLE IV. COMPARISON OF ToTAL EXCRETION Or CATECHOL AMINES (AS NOREPINEPHRINE) 


INVESTIGATOR METHOD OF ISOLATION 


Goldenberg et al.2 Extraction with Al(OH), to 100 wg per 24 hr. 


MeMillan® Al,O, batch 5 to 190 wg per 24 hr. 


> 1 wg per 24 hr. as 
epinephrine 


Pitkinen® Al,O, batch 0 to 100 wg per 24 hr. 
von Euler et al.15 Al,O, batch 0 to 100 wg per 24 hr. 
Zelelits Al,O, batch 20 to 50 ug per 24 hr. 
Sobel and Henry?! Al,O, column 0 to 14 wg per 100 ml. 
Proposed method Al,O, column 0 to 22 wg per 100 ml, 


0 to 315 ug per 24 hr. 


DISCUSSION 

The advantages of the proposed method are the incorporation of a rapid 
column isolation procedure with a fluorometric analysis which permits increased 
reliability of the result. Adding oxalic acid to the collection bottle solved the 
vexing precipitate problem. Urine can now be filtered free of the material at 
an acid pli where the catechol amines are relatively stable. Its rapid adsorp- 
tion and elution are ensured. Fig. 1 shows the pH conditions to use for proper 
concentration of the eluted catechol amines in the eluate. Under the conditions 
provided in the fluorometry of these substances, norepinephrine has been made 
to exhibit a change in fluorescent intensities dependent upon the activating wave 
length (Fig. 2). Most urine eluates and eluates obtained from aqueous nor- 
epinephrine solutions put through the column respond to 2 of these wave 
lengths (365 mp and 400 my) as does the norepinephrine standard. This sug- 
gests that norepinephrine is the principal catechol amine of most urines and 
corroborates MeMillan’s® findings. Analysis of Fig. 2 shows that under the 
conditions of the test pure norepinephrine exhibits a 365:400 my ratio of 1.7 
+ 0.1, but, when diluted with epinephrine, the same ratio approaches 1.0. Tetra- 
eyclines from urine fluoresce in an area close to norepinephrine. One urine 
containing a tetracycline exhibited a 365:400 my, ratio of 1.3. Our considered 
judgment at this time indicates that variations of this ratio beyond the limits 
of 1.5 to 1.9 for an eluate is proper evidence of contaminating fluorescence 
which would invalidate the results. 

The normal values found by this method are substantially higher than 
have been reported by other investigators (Table IV). The author feels this 
is due in part to oxalie acid. Aside from its ability to clean up the urine, it 
has been shown'’ to protect epinephrine under oxidizing conditions. It may 
also chelate copper and iron in the specimen and eliminate their catalytic 
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GALV. RDGS. 
pH OF ELUATE 


ML. OF ELUATE 


Fig. 1.—Fractional elution of the alumina column following the adsorption of urine con- 
taining 100 sg per cent added norepinephrine. The galvanometer readings represent the 
fluorescent material in each successive milliliter of eluate after 0.25 N H:SO. was added to the 
column, pH measurements were taken of each fraction for correlation. 
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Fig. 2.—Fluorescence of solutions having the same total catechol amine concentration 
but varying in per cent epinephrine and norepinephrine. The fluorescences (represented by 
galvanometer readings) were determined following the ferri-cyanide-alkali treatment and 
referred to pure epinephrine arbitrarily set to 50 units. The influence of the activating wave 
length to distinguish norepinephrine is demonstrated. Emitted light was measured by sec- 
ondary Corning filters Nos. 5433 end 3384 passing 510 ma. 
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oxidation of the catechol amines. Interference from the fluorescence of 
ascorbie acid is eliminated in the method. With the fivefold concentration, 
eluate readings are found to range near those of the standards. The im- 
portant’® control of pH has been taken care of in the oxidative step to develop 
fluorescent by-products. The eluates routinely have an acidity equivalent to 
0.1 N acid. By using this acid strength in the standards and adjustment of 
the buffer to compensate for it, a pH of 6.0 + 0.1 ean be expected throughout 
all tubes. This avoids tedious titration, a process in which the catechol amines 
may be inadvertently destroyed. 

The specificity of Lund’s® fluorometric determination of epinephrine and 
norepinephrine from which the proposed method is modified has been dis- 
cussed in detail elsewhere.” Whether or not the methoxy derivatives of the 
pressor amines, recently’ shown to be important metabolites, are contributing 
to the values reported here is unknown. 


SUMMARY 


1. A method has been presented which allows large quantities of urine to 
be rapidly chromatographed on alumina columns. The addition of oxalic acid 
with the hydrochlorie acid provides uniformly “clean” specimens. 

2. Alterations in the method of Lund® and of von Euler and Floding’® ** 
are introduced which reduce extraneous fluorescence and standardize the pro- 
cedure. 

3. An increased specificity in the fluorescence analysis is obtained. Two 
exciting wave lengths are used and the fluorescences of the standard norepi- 
nephrine solution; the eluates are compared against the fluorescence of stand- 
ard epinephrine. 

4. The method has a reproducibility of approximately + 10 per cent in the 
normal range. 


5. Total catechol amine exeretion as norepinephrine averages 169 yg per 
24 hours + S.D. 73 by this method. Norepinephrine appears to be the major 
component of the active amines in urine. 
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DETERMINATION OF MAGNESIUM IN ERYTHROCYTES 


Raut Pa.D., WILLIAM O. Situ, M.D., AND 
JAMES F. HAMMARSTEN, M.D. 
OKLAHOMA City, OKLA. 


AGNESIUM is an important component of intracellular fluids and is sec- 
ond only to potassium as the major intracellular cation. About 98 per 
cent of total body magnesium is intracellular where it is involved as a cofactor 
in many enzymatic processes. 

The extracellular fluid (serum) level of magnesium has been measured in 
various disease states. Low serum magnesium values have been found in pa- 
tients who showed elinieal signs of hallucinations, delirium, and a characteristic 
athetoid or flapping tremor.’:* These clinical manifestations were relieved by 
parenteral magnesium administration. However, some patients with similar 
clinieal states and symptoms have shown normal serum magnesium concentra- 
tions but were also relieved by magnesium therapy. Conversely, patients with 
asymptomatic hypomagnesemia have also been observed. It has been postulated 
that the intracellular magnesium level may be of more importance in reflecting 
body deficit and in determining symptomatology. 


In order to study intracellular magnesium in erythrocytes a method using 
whole blood has been developed. The red blood cell was chosen because it is 
easily obtained from patients. Erythrocyte magnesium has been previously re- 
ported by Orange and Rhein®* in a limited number of normals using the titan 
yellow method. However, since extracellular fluid magnesium and caleium are 
measured in our laboratory by the method of Zak and associates‘ a modification 
of this method has been developed for determination of erythrocyte magnesium. 


MATERIALS AND METHODS 


Reagents.—(1) Reagents as in determination of serum magnesium and caleium.4 (2) 
Twenty per cent trichloroacetic acid (TCA). (3) Twenty-five per cent potassium thiocyanate. 
(4) Isoamy] alcohol. 

Equipment.—Equipment as in determination of serum magnesium and caleium.4 

Analytical Procedure.—The procedure consists of measurement of total divalent eations 
and caleium in heparinized whole blood and plasma, From these values and the hematocrit, 
erythrocyte magnesium is calculated. 

Whole Blood Magnesium and Calcium.—Pipette 1 part of thoroughly mixed blood into 
a mortar. Layer 2 parts of distilled water onto the surface of the blood and rinse the pipette 
with the clear supernatant. Add another 2 parts of distilled water; repeat the rinsing and 
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mix. Add 1 part of trichloroacetic acid; grind thoroughly to an homogenous suspension. 
Transfer material to a centrifuge tube and allow it to stand for 5 minutes. Centrifuge for 
5 minutes and filter the supernatant through ashless filter paper. Removal of iron is then 
accomplished by adding 1 part of potassium thiocyanate to 3 parts of the whole blood filtrate 
and extracting the iron (red) complex with 2 parts of isoamyl alcohol. The isoamyl alcohol 
.. extraction is then repeated. 

Three milliliters aliquots of the iron-free filtrate, equivalent to 0.375 ml. of whole 
blood, are used in the determinations. To one aliquot, add 3 ml. of 0.4 N sodium hydroxide 
and 0.25 ml. of murexide indicator. To another aliquot, 3 ml. of ammoniacal buffer and 
0.20 ml. of eriochrome black T indicator are added. The spectrophotometric titrations of cal- 
cium and total divalent cations are then performed as described by Zak and associates.+ 

Plasma Magnesium and Calcium: One part of plasma is treated with 4 parts of dis- 
tilled water and 1 part of TCA, centrifuged and filtered. Three milliliters aliquots, equivalent 
to 0.50 ml. of plasma, are used to determine calcium and total divalent cations as described 
for whole blood. 


Blanks: Distilled water is used as the blank for the standard solutions. <A filtered mix- 
ture of distilled water and TCA is used for the plasma blank. The same mixture, after addi- 
tion of potassium thiocyanate solution and extraction with isoamyl alcohol, is used for the 
whole blood blank. Blank values must be subtracted from the amounts of reagents used in 
the corresponding titrations, 


RESULTS 


Recoveries.—The recovery data for calcium and magnesium from known 
mixtures of these cations and iron are shown in Table I. It may be seen that 
the recoveries are almost as accurate as with mixtures of calcium and magnesium 
alone which are shown in Table IT. 


TABLE I. RECOVERIES OF CALCIUM AND MAGNESIUM FROM KNOWN MIXTURES CONTAINING 


ABOUT 1 MG. PER 100 ML. OF FERRIC CATION (MEQ./L.) 


CALCIUM “MAGNESIUM TOTAL DIVALENT CATIONS __ 
PRESENT | FOUND | AVERAGE | PRESENT | FOUND | AVERAGE | PRESENT | FOUND | AVERAGE 
$70 358 86 $880 . 8.06 7.20 
3.70 3.75 (99%) 350 3.70 (108%) 7.20 7.45 (103%) 
2.60 2.54 2.54 3.50 3.73 3.73 6.10 6.27 6.27 
2.60 2.54 (98%) 3.50 3.73 (107%) 6.10 6.27 (103%) 


5.00 5.09 2.08 1.92 7.00 7.08 7.01 
5.00 5.22 (102% 2.00 1.72 ( 96%) 7.00 6.94 (100%) 
4.00 3.83 3.83 3.29 3.42 3.41 7.29 7.26 7.24 
4.00 3.83 ( 96%) 3.29 3.39 (104%) 7.29 7.23 ( 99%) 
5.00 5.00 4.97 2.00 1.92 1.97 7.00 6.92 6.94 
5.00 4.94 ( 99%) 2.00 2.03 ( 99%) 7.00 6.96 ( 99%) 


Normal Men.—Determinations of plasma and erythrocyte magnesium have 
been done on 13 normal men (Table IIT). Plasma magnesium ranged from 1.55 
to 2.06 mEq./L. with a mean of 1.80 + (S.D.) 0.13 mEq./L. Erythrocyte mag- 
nesium ranged from 4.69 to 5.86 mEq./L. with a mean of 5.29 + 0.34 mEq./L. 


The R.B.C./plasma magnesium ratio ranged from 2.38 to 3.48 with a mean of 
2.95 + 0.32. 


TABLE II. RECOVERIES OF CALCIUM AND MAGNESIUM FROM KNOWN MIXTURES (MEQ./L.) 
____MAGNESIUM __|_TOTAI DIVALENTT CATIONS 
PRESENT | FOUND | AVERAGE | PRESENT | FOUND | AVERAGE | PRESENT | FOUND | AVERAGE 
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DISCUSSION 
Red blood cell magnesium has been studied previously by Orange and 
Rhein® who used the titan yellow method. They studied 5 normal subjects and 
found a range of 4.85 to 5.59 mEq./L. with a mean of 5.25 mEq./L. These re- 
sults are quite similar to those in the present study. 


The spectrophotometric titration of calcium and magnesium with ethylene- 
diaminetetraacetic acid (EDTA) has proved quite useful for serum analysis.‘ 
This method shows a high degree of reproducibility and has the distinct ad- 
vantage of measuring both calcium and magnesium. Our data indicate that a 
modification of this method may be utilized to determine erythrocyte magnesium. 
Since iron forms a chelate with EDTA, it is necessary to remove this cation from 
whole blood filtrates prior to titration. This is accomplished by combining the 
iron with potassium thiocyanate and extracting this red complex with isoamyl 
aleohol. Comparative recovery studies indicate that this iron-removal pro- 
cedure does not interfere with the accuracy of the subsequent titration. 

TCA was selected for the removal of blood proteins to avoid the addition 
of cations present in many precipitating agents. It has the further advantage 
of producing the acid pH necessary for the subsequent extraction of iron. Since 
the protein-bound magnesium is released by TCA,* one must treat the plasma 
as well as the whole blood with this reagent to have comparable values. 


The possibility that the addition of the several reagents to precipitate pro- 
tein and remove iron might affect the EDTA titration of calcium and mag- 
nesium was considered. The recovery data indicate that the effect of these 
reagents on the titration may be corrected if proper blank solutions are run con- 
currently and subtracted from the amount of reagent used for the samples. 


SUMMARY 
A procedure for determination of magnesium in erythrocytes, using a modi- 
fication of the Zak method for serum calcium and magnesium, has been described. 
Recovery studies proved satisfactory. 
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; TABLE III. MAGNESIUM VALUES IN NORMALS (MEQ./L.) 
__NO. ERYTHROCYTES PLASMA PLASMA 
1 4.69 1.91 2.46 
2 4.90 2.06 2.38 
3 5.36 1.80 2.98 
4 1.79 3.27 
5 1.84 2.70 
6 1.55 3.48 
7 1.64 2.95 
8 1.73 3.35 
9 1.76 2.95 
10 1.99 2.68 
11 1.87 2.95 
12 1.72 3.16 
Mean + 5.0.34 1.80 +013 2.95 + 0.32 
| 
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The range for erythrocyte magnesium in 13 normal men is 4.69 to 5.86 
mEq./L. with a mean of 5.29 mEq./L. (S.D. + 0.34 mEq./L.). The R.B.C./ 
plasma magnesium ratio in these normals ranged from 2.38 to 3.48 with a mean 
of 2.95 + 0.32. 
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ACTINOMYCES BOVIS AND ‘‘ANAEROBIC DIPHTHEROIDS”’: 
PATHOGENICITY FOR HAMSTERS AND SOME OTHER 
DIFFERENTIATING CHARACTERISTICS 


L, Hazen, Pa.D., GrorGe N. LirtLe 
AuBany, N. Y. 


CTINOMYCES bovis and some strains of ‘‘anaerobie diphtheroids’’* are 

sufficiently similar in morphology and growth habits to create a problem 
in differentiation. 

Although, in general, small laboratory animals are resistant to infection 
with A. bovis, a preliminary study’ suggested that the young male golden ham- 
ster might serve to demonstrate pathogenicity of A. bovis, thus providing an 
important point of differentiation from anaerobic diphtheroids. Of 8 pure iso- 
lates of A. bovis, all induced infection after a single peritoneal injection of 
saline suspensions of the unwashed sediments of the broth cultures. The in- 
duced lesions revealed certain features of clinical actinomycosis, including 
granules and clubs. However, too few isolates were studied to justify definite 
conclusions; furthermore, factors which might have artificially enhanced in- 
vasiveness, such as injection of the meat-infusion broth in the unwashed in- 


ocula, were not controlled. Nevertheless, the results were sufficiently promis- 
ing to warrant further experiments, including studies of the comparative path- 
ogenicity of A. bovis and anaerobic diphtheroids for the young hamster. 
Included in the studies were colonial and microscopic morphology of the micro- 
organisms cultured in both solid and liquid media, and also observations of 
some enzymatic activities, in order to determine whether or not a correlation 
existed between these characteristics and pathogenicity. 


MATERIALS AND METHODS 


Fifteen pure strains of A. bovis were studied as well as an equal number of isolates 
of anaerobie diphtheroids, all of which were recovered from pathologie material. Attempts 
to obtain species of Actinomyces of bovine origin with cultural characters of those de- 
scribed by Erikson? and Thompson’ or of Actinomyces naeslundit were unfortunately un- 
successful. Of the combined total of 30 isolates of A. bovis and anaerobic diphtheroids, 11 
were recovered in this laboratory from cultures of materials streaked directly in series 
on 3 Petri plates containing beef-heart infusion agar with horse blood (F43.A)5@ or after 
preliminary culturing in beef-infusion broth (F5A)5> with 1 per cent glucose. For the 
other isolates we are indebted to the late Dr. Rhoda Benham of Columbia University; Dr. 
Esther Meyer, University of Illinois College of Medicine; Dr. John Slack, University of 
West Virginia; and to the American Type Culture Collection, Washington, D. C. 


From the Division of Laboratories and Research, New York State Department of Health, 
Albany, N. Y. 

Received for publication Dec. 5, 1957. 

*Use.of the generally accepted term “anaerobic diphtheroids” avoids generic classification 
of a group of microorganisms whose importance lies only in their superficial similarity to 
certain pathogens. 
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The isolates have been maintained for 1 to 4 years, at first only on slants of beef- 
heart infusion blood agar and more recently on this medium alternating with brain-heart 
infusion agar for revitalization purposes. They are usually subcultured at 4-week intervals 
at which time the transplants are incubated at 35° to 37° C. for 10 days to 2 weeks under 
anaerobic conditions and then stored in the refrigerator at 3° to 6° C. For anaerobic 
cultivation the Fildes-McIntosh jar is used unless otherwise indicated. Anaerobiosis is 
controlled by an indicator.5¢ 

For determination of the effect of oxygen, duplicate Petri plates of beef-heart in- 
fusion blood agar were inoculated with each one of the 30 isolates. One set was incubated 
aerobically at 35° to 37° C. and the other anaerobically. The plates were inspected at 


7 and 14 days. 


The appearance of the colonies and microscopic morphology in stained films prepared 
from the isolates after cultivation on the beef-heart infusion blood agar were studied as 
were stained films of the isolates grown in beef-infusion glucose broth and thioglycollate 
broth. The growth characteristics of the isolates on Sabouraud’s glucose agar (F57.1:B)54 
were also investigated. 

To demonstrate certain enzymatic activities the isolates were grown in: skim milk 
with bromeresol purple as indicator (F18:B)5e; beef-extract gelatin (F31),5f and Thiogels; 
and a casitone-yeast extract medium containing salicin, xylose, and raffinose. The last- 
named medium is prepared as follows.* 


Combine five grams of Bacto yeast extract, 15 Gm. of Bacto casitone, 2.5 
Gm. of sodium chloride, 0.75 Gm. of agar, 400 ml. of water, and 100 ml. of 0.04 
per cent bromthymol blue; adjust pH to 7.2; dispense material in 5 ml. amounts 
in Durham tubes and autoclave; add singly in 5 ml. amounts a 2 per cent solution 
of the carbohydrates salicin, xylose, and raffinose to give a final concentration 
of 1 per cent. 


The inocula for the casitone-yeast extract medium were prepared from washed sedi- 
ments of broth cultures resuspended in 0.85 per cent salt solution and adjusted visually 
to approximately equal opacities with the saline solution. Two drops of the suspension 
was inoculated to each tube of the medium. The cultures were then incubated anaer- 
obically at 35° to 37° C. and any evidence of acid and gas formation was noted after 1, 
2, and 4 weeks. For determination of the presence of catalase the test recommended by 
Suter? was followed. 


Pathogenicity tests entailed the use of male golden hamsters 3 to 4 weeks of age. 
Most of the animals were bred at the Laboratory Farm maintained by this Division. The 
suspensions of cultures were prepared for injection as previously reported! except that the 
broth cultures were incubated from 10 to 14 days instead of 7 days. The cultures, in- 
cubated in duplicate, were centrifuged; the sediments were then combined and washed 2 
or 3 times in relatively large amounts.of sterile 0.85 per cent salt solution. The entire 


washed sediment was made up to 2 ml. in sterile salt solution. The suspensions of washed 


sediment in the case of A. bovis contained many large aggregates which were ruptured 
by repeatedly drawing up and expelling the material with a syringe until it could be 
easily injected through a 22 gauge needle. In spite of this treatment, the suspensions 
remained granular or floccular in contrast with the suspensions of anaerobic diphtheroids 
which were always homogeneous. One milliliter of the well-mixed suspension was injected 
intraperitoneally into each of two or more hamsters. The animals were observed for 
4 weeks for palpable lesions, then sacrificed and examined for gross evidence of infection. 
Pus from abscesses was examined microscopically for actinomycotie granules and for 
branching filaments in films stained by Gram’s method. Cultures were also made. 


*For the formula _we are indebted to Mr. J. Dennis Pollack, Department of Dermatology, 
Columbia University, New York, N. Y. 


TABLE I, 
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NUMBER | SOURCE 

43395 Pus from abscess, neck, and shoulder 
50155 Bloody exudate, mass on thigh 
5105 Sputum 

5272 Bloody exudate, lesion lower jaw 
5273 Pus from sinus in neck 
53162 Pus from cheek 

53163 Cervicofacial 

5542 A.T.C.C, No, 10048 

5557 External ulcer, lower jaw 
5561 Pus from cheek 

5562 Cervicofacial 

55145 Brain abscess 

55146 Cervicofacial 

55243 Lumpy jaw 

55244 Lumpy jaw 

55245 Wrist bone lesion 

5603 Trochanterie abscess 

5604 Blood culture 

5648 Human case of actinomycosis 
5652 Bovine actinomycosis 

5649 Human case of actinomycosis 
5650 Human case of actinomycosis 
5743 Blood culture 

5744 Blood culture 

5745 Eye 

5746 Pulmonary actinomycosis 
5747 Right parotid region 

5749 Subcutaneous abscess 

38411 Pus 

5712 Intraoral incision 


TABLE IT, 


SuMMARY OF DIFFERENTIAL CHARACTERS OF 
A. bovis AND ANAEROBIC DIPHTHEROIDS 


30 ISOLATES OF 


CRITERIA 


A. bovis ANAEROBIC DIPHTHEROIDS 
(15 ISOLATES ) (15 ISOLATES ) 


C. 


Pathogenicity for ham- 

ster 

Jrowth on: 

1. Beef-heart infusion 
agar with horse blood 
(2 weeks) 


ne 


. Sabouraud’s glucose 
agar (2 weeks) 

3. Beef-infusion broth 

plus 1 per cent 

glucose (2 weeks) 


Effect on gelatin 
(2 to 4 weeks) 


. Effect on skim milk 


with indicator 
(2 to 4 weeks) 


. Fermentation reactions 


(2 to 4 weeks) 
Raffinose 
Salicin 
Xylose 


. Catalase reaction 


Positive Negative 
Colony: White, raised, dry, Colony: White, soft, low 
rough surface, and irregular convex; smooth surface 


margin; closely adherent to and entire margin; not 
medium; removable intact ; adherent; soft and easily 
tough and difficult to emulsifiable 
emulsify 

Morphology: True branching Morphology: No branching 
filaments, V and Y forms filaments; pleomorphic 
and rod forms bacillary forms 

No growth Moderate soft growth 

Clear broth; sediment floccular Faint to moderate turbidity; 
to granular; growth of fine white, compact, heavy 
colonies up sides of tubes sediment; white confluent 
not unusual column of growth adhering 


to wall of tube 


No liquefaction Liquefaction 
0 to + acid; Acid and coagulation 
no coagulation 


Acid; no gas Negative 
Acid; no gas Negative 
Acid; no gas Negative 


Negative Positive 
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RESULTS 

The types of cases from which the 30 strains of A. bovis and anaerobic 
diphtheroids were obtained are given in Table I. 

The cultural and biochemical characteristics are summarized in Table II. 
All of the isolates proved to be either microaerophilic or anaerobic. The 15 
strains of A. bovis cultured on beef-heart infusion blood agar produced white, 
raised, dry colonies with rough surfaces and irregular margins, closely adher- 
ent to the medium, removable intact, and difficult to emulsify (Fig. 1, A and B). 


RE 


Fig. 1.—Representative colonies of A. bovis and anaerobic diphtheroids and their micro- 
scopic morphology. A, and B, A. bovis (isolates Nos. 43395 and 50155) on blood agar after 
2 weeks’ incubation under anaerobic conditions (magnification x18; reduced %1). C and D, 
Anaerobic diphtheroids (isolates Nos. 5744 and 5745) on blood agar after 2 weeks’ incubation 
under anaerobic conditions (magnification x18; reduced %;). E and F. Stained film prepara- 
tions from colonies A and B (magnification 780; reduced %1). G and H, Stained film prep- 
arations from colonies C and D (magnification «780; reduced %). 
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The colonies of the anaerobic diphtheroids, on the other hand, were white, low, 
convex, moist, with smooth surfaces and entire margins, not adherent to the 
medium, soft, and easily emulsifiable (Fig. 1, C and D). In films of the colonies 
stained by Gram’s method, A. bovis appeared as gram-positive, true branching 
filaments (Fig. 1, E and F’) while the anaerobie diphtheroids showed short, gram- 
positive unbranched bacillary forms exhibiting considerable pleomorphism 
(Fig. 1, G@ and H). None of the isolates of A. bovis grew on Sabouraud’s glu- 
cose agar, confirming the observation of Skinner, Emmons, and Tsuchiya.® On 
the other hand, all of the anaerobic diphtheroids produced a moderate amount 
of soft growth. 

The appearance of beef-infusion broth cultures of A. bovis was character- 
ized by a clear supernatant and a floceular or granular sediment, usually with a 
growth of fine colonies extending up the sides of the tubes. The anaerobic 
diphtheroids produced a faint to moderate turbidity of the broth and a white, 
compact, smooth, heavy sediment, with a white confluent column of growth 
adherent to the wall of the tube. In the thioglycollate broth there was greater 
similarity in growth characteristics among some members of these two groups 
than in the beef-infusion broth. The microscopic appearance of the isolates 


grown in the liquid medium did not differ essentially from those cultivated on 
the solid medium. 


TasLe III. Autopsy Finprines in HAMSTERS SacriFicep 4 WEEKS FOLLOWING 
A SINGLE INJECTION OF WASHED CULTURES OF A. bovis 


CULTURE ANIMALS 
NUMBER INJECTED 
43395 t 
50155t 
5105t 
5272+ 
5273t 
5562 
55162 
53163 
57129 
5561 
55146 
5542 
55145 


ANIMALS 
INJECTED REACTION* 


Severe and extensive 

Severe 

Severe 

Severe and extensive 

1 severe and extensive; 1 severe 

Severe and extensive 

Severe 

1 severe and extensive; 1 mild 

Mild 

Severe 

4 severe; 2 mild 

1 severe and extensive; 1 severe 

1 severe; 1 mild 

5557 1 severe and extensive; 1 severe 
5749 Mild 
*Severe and extensive reaction: Multiple encapsulated abscesses of from 1 to 15 mm. 

in diameter throughout the abdominal cavity; the abscesses contained purulent material of 

soft or cheesy consistency and showed the presence of granules with clubs. The infection 

extended through the parietal peritoneum and abdominal wall or through the diaphragm with 

a resultant sinus. Severe reaction: Essentially the same as above but infection did not 

extend beyond abdominal cavity. Mild reaction: Small encapsulated abscesses, single or 

multiple, containing purulent material in which granules with clubs were demonstrated. 
tUnwashed sediments of broth culture tested previously. 


NUMBER OF | NUMBER OF 


A. bovis produced slight (+) or no change in the reaction of skim milk and 
no coagulation; the anaerobic diphtheroids acidified and coagulated the milk. 
Peptonization of milk by the microaerophilie diphtheroids is employed by 
Ajello® as a factor in differentiating them from A. bovis. The isolates of A. bovis 
did not liquefy gelatin while the anaerobic diphtheroids did. A. bovis produced 
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acid but no gas in the liquid media containing raffinose, salicin, and xylose, 
respectively, whereas none of the anaerobic diphtheroids utilized these earbo- 
hydrates. These findings are in accord with those of King and Meyer.® A. 
bovis did not yield a catalase reaction, but the anaerobic diphtheroids did so. 
The results are in agreement with those of Suter,’ and of King and Meyer.*® 


xt 


2.—A, Unstained granule with clubs in pus from encapsulated abscess in hamster 


Fig. 2.— 
injected with A. bovis No. 5561 (magnification 780; reduced %,). B, Stained film prepara- 
tion of pus from abscess from same hamster (magnification x780; reduced %1). 


At least 2 hamsters (more than 2 in a few instances) received single intra- 
peritoneal injections of the washed sediment of broth cultures of each of the 
15 strains of A. bovis. As indicated in Table III, 31 (81.3 per cent) of the total 
of 38 hamsters injected showed gross evidence of infection upon autopsy 4 weeks 
later. In 22 the reactions were severe; there was extensive abscess formation 
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throughout the abdominal cavity with adhesions involving the liver, dia- 
phragm, stomach, omentum, mesentery, spleen, kidney, and peritoneal wall. 
In 7 of the animals the infection had extended from the peritoneal cavity 
either through the abdominal wall or through the diaphragm, forming sinus 
tracts. Three strains induced a severe infection in one or more of the inocu- 
lated hamsters but only a mild infection in the others of the same group. Six 
strains caused extensive disease in one or more hamsters, but no gross lesions 
in others of the same group. In all, 4 developed mild lesions and 7 (17.9 per 
cent) of the 38 hamsters no demonstrable lesions. 

Microscopie granules with clubs (Fig. 2, A) were found in the fresh pus 
from every animal with encapsulated abscesses; tangled masses of branching 
filaments and diphtheroid fragments were found in stained films of the pus 
(Fig. 2, B). A. bovis was isolated from the pus from every infected animal. 

The anaerobic diphtheroids proved to be nonpathogenic for hamsters. 


DISCUSSION 


The discussion relates to the pathogenicity of A. bovis for small laboratory 
animals. Many attempts to reproduce actinomyecosis in animals with features 
resembling the clinical disease in man have usually met with failure. Single or 
repeated injections of pure cultures of A. bovis, employing various routes and 
techniques of inoculation for enhancement of invasiveness, have not consistently 
induced features of the natural disease including granules and clubs so char- 
acteristic of this type of infection. The extensive earlier literature on this 
subject has been reviewed by Rosebury.'® More recently Meyer and Verges" 
developed a mouse pathogenicity test as a diagnostic aid in identification of 
A. bovis. They found that intraperitoneal injection of a mixture of A. bovis 
and hog gastric mucin in albino mice resulted in progressive actinomycosis in 
94.6 per cent of the animals, and in only a few instances did the same method 
enhance the invasiveness of anaerobic diphtheroids sufficiently to induce le- 
sions. In these instances the lesions differed from those induced by A. bovis. 

In our experiments a high percentage of young male golden hamsters injected 
intraperitoneally with a single dose of concentrated saline suspensions of washed 
sediments of broth cultures representing 15 strains of A. bovis showed evidence 
of infection with features of clinical actinomyecosis, including granules and 
clubs. The suspicion that the beef-heart infusion broth in the inocula used in 
the previous pathogenicity tests' mght have intensified the invasiveness of 
A. bovis does not seem to have been justified. Indeed as shown in Table III, 
5 isolates used in the previous study were retested after being washed in rela- 
tively large amounts of sterile salt solution and were found to induce the same 
type of reactions as did the unwashed inocula. 

The marked variation in the response of duplicate hamsters to equivalent 
doses of 4 of the 15 isolates suggests differences in susceptibility of individual 
hamsters to infection by A. bovis. The limited data also indicate that some 
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strains of A. bovis may lack pathogenicity for the golden hamster since 2 strains 
induced either mild infections or no demonstrable lesions. Further work is 
necessary before a definite conclusion ean be reached on these points. 


None of the 15 isolates of anaerobie diphtheroids induced infection in the 
hamster. These results are essentially in agreement with those of Meyer and 
Verges" and Suter’ based on their work with mice. Beerens,"? in pathogenicity 
tests using, among other animals, hamsters, found an alleged strain of A. bovis* 
to be without invasiveness for hamsters. This strain was found by us to have 
the morphologic and cultural characters of the anaerobie diphtheroids and is 
included among the representatives of this group under No. 38411.+ 

Thus, pathogenicity tests in hamsters represent a useful addition to the 


morphologie and biochemical studies used to differentiate A. bovis and anaer- 
obie diphtheroids. 


CONCLUSION 


The young male golden hamstert is a suitable test animal for the determi- 
nation of pathogenicity of A. bovis. 


A. bovis injected intraperitoneally into the young male golden hamster in- 
duces infection in a high pereentage of the animals. The infection has certain 
features of clinical actinomycosis including granules with clubs. 


Anaerobie diphtheroids, injected intraperitoneally into the hamster, do 
not cause infection. 


Colonial and microscopic morphology and certain enzymatie activities of 
A. bovis and anaerobic diphtheroids have been correlated with their pathoge- 
nicity for the hamster. 
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A SAFE HIGH-SPEED BLENDOR FOR PROCESSING 
INFECTIOUS MATERIALS 


M. R. Pu.D., anp R. O. TayLor 
Wasuinoton, D. C. 


N SPITE of its indispensable function in most virus laboratories, the high- 
speed blendor remains a prime hazard to the laboratory worker because of 
oceasional leakage or aerosolization of the infectious material.’-> Ideally, the 
blendor should be safe, efficient in triturating tissue, nondestructive of the 
infectious agent, and economical in terms of initial cost and upkeep; it should 
be easily decontaminated, cleaned, and prepared for further use. For maximal 
safety, the blendor should be sealed during operation, should allow no escape of 
contents between bearing and shaft or through faulty gaskets, and a means 
should be provided for removal of the contents without opening the bowl. To 
obviate degradation by heating, of the infectivity of the material being 
processed, the bearings should be outside the blendor bowl. Finally, all 
materials used for construction which come into contact with the bowl content 
should be ecorrosion-proof and essentially inert biologically. None of the 
blendors available commercially or deseribed experimentally* * present all of 
these qualities considered essential. A high-speed bleador which combines these 
features has been developed in this laboratory and has proved highly effective 
for the processing of infectious disease agents. The present communication 
describes the essential features of the apparatus. Detailed construction draw- 
ings are available upon request from this laboratory. 


MATERIALS AND METHODS 


Constructional Details.—The present blendor bowl is a modification of the standard or 
semimicro jar supplied by several manufacturers.* Fig. 1 presents photographs of the modified 
standard and semimicro bowls and Fig. 2 shows the detailed plan of construction. All parts, un- 
less otherwise stated, are constructed from free-machining stainless steel (Type 303). The 
blending assembly, with which the bowl is equipped by the manufacturer, is removed and 
certain of its parts are utilized for the construction of the new assembly. The lid is 
machined from stainless steel and screws to a brass ring which is threaded and silver-soldered 
to the top of the bowl. Sealing is provided by a %g in. rubber washer in the lid. The 
bowl is fitted with % in. air inlet and drain tubes, and the hole in the bottom of the bowl, 
which accommodates the original blending assembly as supplied, is plugged with a stainless 
steel rivet and silver-soldered. The modified new blendor assembly consists of a % in. 
diameter driven shaft which is positioned by 2 Oilite bearings (%4 in. outside diameter) 
mounted in a machined stainless steel housing. The socket head from the original blending 
assembly is used to engage the motor stud, and the original cutting blade is also utilized. 
The spray deflector is machined from stainless steel and is silver-soldered to the driven 
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shaft. The bearing housing is fastened, on the threaded end, to the lid using the stainless 
steel hexagonal nut from the original assembly. The cup for dry ice is fashioned from 3 in. 
brass tubing and flat sheet brass stock. 


Fig. 1. 
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um 


The drive unit, shown in Fig. 3, consists of an 18,000 r.p.m., 0.5 h.p. continuous 
operation Dumore motor* which is fitted with a ™% in. square drive stud and machined 
brass guide, and is mounted on an upright stand. The blendor bowl rests on a platform which 
is raised or lowered by a sliding brass wedge and which is held in position by a spring- 
activated locking device. For use with the semimicro bowl, a 1% in. thick spaceblock is 
inserted on top of the platform. The motor speed is controlled by means of a variable 
transformer (Powerstat Type 116). 


Powerstat 
Speed Control 


Elevator 


Fig. 3. 


Operation.—The air inlet of the bowl is fitted with a cotton-plugged air filter and the 
drain pipe is equipped with a drain tube and protective glass cover. These are further 
protected by a paper wrapper. After introducing a few drops of water, the bowl is 
sealed and sterilized in the autoclave. During use, the air inlet and drain tubes are clamped 
off. The material to be blended is added aseptically to the bowl and the lid is screwed down 
tightly. The blendor bowl is engaged with the motor and operated at the desired speed 
for the required length of time. A dial setting of 85 on the Powerstat gives approximately 
10,000 r.p.m., and 3 minutes at this speed are employed routinely. For runs longer than 3 
minutes, dry ice may be added to the ice cup to facilitate cooling. To empty the blendor, 
the clamp is removed from the air inlet and the protective tube is removed from the drain 


*The Dumore Co., Racine, Wis. 
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tube. The drain tube is then inserted aseptically into the sterile receptacle, the clamp 
removed, and the contents drained out. The bowl is decontaminated by autoclaving prior 
to washing and preparing for reuse. 


DISCUSSION 


The blendor described has proved highly effective in triturating virus- 
infected materials in this Institute. The apparatus was found to be safe and 
simple in operation requiring only a minimum of maintenance. The cost of 
construction was reasonable. The charge in this Institute for labor and 
materials for constructing 36 standard bowls was about $78.00 each and for 
36 semimicro bowls was about $71.00 each. The cost for labor and materials 
to build the motor unit was estimated to be $219.00. 


During autoclaving of the oil-lubricated bowls, a very small amount of 
oil was distilled into the bowl itself. While of no consequence in ordinary 
operations, it was considered important to prevent oil contamination of 
materials used to prepare vaccines for human injection. This problem was 
solved by treating the Oilite bearings with benzene to remove oil followed by 
-eoating of both shaft and bearings with Drilube.* This is composed of 
molybdenum disulfide and various resins, and provides a dry, solid, surface film 
lubricant. The Drilube plated assemblies withstood 8 to 12 hours’ continuous 
operation before wearing out as evidenced by chattering and binding. This 
represents 160 to 240 normal 3-minute runs which, when viewed from this 
aspect, was regarded as highly efficient. When the lubricant is worn out, the 
shafts and bearings must be replated. 


SUMMARY 


A new high-speed blendor which is simple, economical, and safe for proc- 
essing infectious and other materials in the laboratory has been described. 
Details for construction and operation are presented and the efficiency in 
ordinary use is discussed. 
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Already in hospitals and laboratories the country over, the Technicon Autoanalyzer is 


doing jobs like those listed below with an accuracy, reproducibility, and dependability, 


which has users standing back in awe. The work goes faster, up to 60 tests-per-hour, 
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matic; no human intervention or supervision. 


clinical biochemical analyses | 
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are analyzed ... blood glucose, blood urea nitrogen, calcium, 
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of a living organ, with continuous analysis and recording of 
phenomena like rate absorption or excretion of drugs, changes in 


concentration levels of blood urea nitrogen, blood giucose, etc. 


Only human participation is initial setting up of test. Autoanalyzer 
then takes over; introduces correct proportions of materials and 
reagents, passes them through the train of analytical events — 
mixing, dialyzing, separation, heating, color-measuring, etc. — 
records test results as logarithmic or easy-reading linear graphs, 
or on digital read-out tapes. Selectable choice of 20, 40, or 60 
separate tests-per-hour, depending on nature of test. Reproduci- 
bility, 1%. 


TECHNICON® 


TECHNICON INSTRUMENTS CORPORATION 
Chauncey ° New York 


automation finaliy brought to clinical chemistry 
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completely automatic operation 
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release from pain and inflammation 


with ARTHRITIS 


salicylate benefits with minimal salicylate drawbacks 


Rapid and prolonged relief—with less intolerance. 


The analgesic and specific anti-inflammatory action of Burrerin helps 
reduce pain and joint edema—comfortably. BUFFERIN caused no gastric dis- 
tress in 70 per cent of hospitalized arthritics with proved intolerance to 
aspirin. (Arthritics are at least 3 to 10 times as intolerant to straight aspirin 
as the general population.') 

No sodium accumulation. Because BUFFERIN is sodium free, massive dosage for 
prolonged periods will not cause sodium accumulation or edema, even in 
cardiovascular cases. 

Each sodium-free BUFFERIN tablet contains acetylsalicylic acid, 5 grains, and the antacids 
magnesium carbonate and aluminum glycinate. 

Reference: 1. J.A.M.A. 158:386 (June 4) 1955. 


ANOTHER FINE PRODUCT OF BRISTOL-MYERS 


Bristol-Myers Company, 19 West 50 Street, New York 20, N. Y. 
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